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There Are Ways and 
Ways of Doing Things— 


But Here Is One That Is a Real 
Time Saver, a Money Maker and 
Does a Good Job Besides 


E CAN all remember 
when a peen hammer 
and a strong right arm were 
essential to a good riveting job 
on sheet iron or steel. Now- 


adays an electric welder is the 
thing and one man can not 
only do a better job with it in 
' joining seams than several 
with hammers or a machine 


riveter, but at a cost that is 
remarkably low. For there 
are no holes to punch and the 
welding operator can finish a 
seam even faster than he can 
operate a riveting machine. 
It’s really an inspiration to 
see a man operating a welder 
such as shown in the photo- 
graph here, but the kind of job 



























































it does, neat and strong, is a 
real example of the advanced 
ideas that are to be found in 
ways of doing things in a mod- 
ern shop today compared with, 
say, 10 years ago. 

Just last week I returned 
from a trip of plant inspection 
and one of the things I saw 
that was worth while was the 
way small switch boxes were 
made, such boxes as are used 
with motors connected to 
looms in a cotton mill. Here 
is an instance where a strong 
box is required, for connection 
to conduit, that will stand 
some hard knocks when clean- 
ing up around the looms and 
be cheap. 

The box I saw was made of 
sheet steel cut and formed on 
a machine with covers and all 
joining edges spot welded— 
just a fine piece of work that 
represents a saving of some- 
thing like $4 per box in in- 
stallation cost. When it is 
realized that a small installa- 
tion, say for 1,500 looms, calls 
for the same number of these 
boxes, this saving is a hand- 
some item. And it goes large- 
ly to the credit of the electric 
welder and the man who saw 
the way to use it. There are 
other such instances, but this 
is a good one—perhaps you 
know of a better one and if so, 
I shall be glad to hear about it. 
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Designs of Telephone Instruments 
From the First Model to Present-Day Types 








1875- Bext’s First TELEPHONE. 1876—Maenetic Transmitter. 1877-WarTson’s THUMPER FOR CALLING. 





1891 Wurre’s Souno-Back TRANSMITTER. 


1879- cs BATTERY TRANSMITTER. oe, HUNNINGS GRANULAR. 
CARBON TRANSMITTER. 


























was invented in 1875 by Alexander Graham Bell. 

consisted of an electromagnet before which was sus- 
pended a strip of iron attached toa vellum diaphragm. The 
vibrations of the diaphragm caused corresponding changes 
in the current, supplied by a battery, flowing through the 
coil. A similar instrument changed the current into sound 
waves. Bell soon discovered that an outside source of 
current was not necessary if an iron diaphragm and a per- 
manent magnet were used. A different principle was dis- 
covered in 1877 by Blake, who used an iron diaphragm and 
a carbon disk with a small platinum ball between them. 
This transmitter required external current. Edison in 1877 
first suggested using a “button” containing carbon powder. 
In 1878 Hunnings patented a transmitter which used gran- 
ular carbon and was put into practical use about 1887. 
A. C. White developed the solid-back transmitter in 1891. 
Since then no marked changes have been made. The 
present receivers are identical in principle with those of 
1876, but have been made much more compact and rugged. 


Tr first instrument that transmitted speech electrically 
It 








1899 
Desk STAND witH Key. 





























I| 1878-Fiest Susscriper’s Set. 1878 MAGNETO FOR RINGING. 1886-Batrery-Type. TRANSMITTER. i 
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This diagram shows how power factor is affected by installing a synchronous con- 
denser at different points on an electrical system. It is reproduced through cour- 
tesy of Electric Machinery Mfg. Co., Minneapolis, Minn. 


A Practical 
Analysis of the 


Methods for Correcting Power Factor 


And How the Benefits Secured Can Be Balanced 
Against the Cost in Any Industrial Works 








higher rate when the power factor 
of the load is low. Even though 
power factor is not mentioned in the 
contract, the maximum demand is 
often charged on the kva. basis. 
When such a system is used, the de- 
mand charge will be greater for a 
certain load at a low power factor 
than for the same load at a high 
power factor. 

_ Among the losses already men- 
tioned are those requiring more 
equipment to feed a certain load. The 
necessary size of a generator, trans- 
former or line depends, of course, 
upon the current which the load takes. 


By E. H. HUBERT, 


Associate Editor, Industrial Engineer 


MOTOR LOAD with a high 
A power factor in an industrial 
works is desirable from two 
general viewpoints. First, where a 
private generating station is oper- 
ated, less generator capacity is need- 
ed for operation at a high power fac- 
tor. This applies equally to generat- 
ing, transmission and distribution 
apparatus, as well as motors. In the 
second place, the losses of power are 
less with a high power factor. When 
energy is purchased, the added equip- 
ment needed for generation, trans- 


LOW POWER FACTOR in the op- 
eration of induction motors in an 
industrial works is like an insidi- 
ous disease. It can be most effec- 
tively cured in its early stages and 
requires a major and expensive op- 
eration when allowed to become 
acute. The whole question involves 
an economic balancing of the cost 
of improving power factor against 
the benefits to be gained. Where 
a large number of motors is used 
and the loads on them may vary 
from time to time, a careful analy- 
sis of operating conditions and 
power requirements and a wise 
expenditure of money on correc- 
tive measures will show big profits. 
This article deals with the funda- 
mentals of such an analysis. It 













mission and outside distribution has 
to be furnished by a power company. 
But in such cases, also, the power 
company will usually transfer its ex- 
pense to the customer by charging a 











compares the results with the ex- 
penditures in practical examples 
that can be applied to conditions 
found in almost every works. 














At a low power factor, the load will 
take a higher current for the same 
amount of work than it will at a high 
power factor. Therefore, the genera- 
tors, lines, transformers, switches, 
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and so on must be larger. Besides 
this, a motor operating at a low 
power factor is not carrying its full 
load and, therefore, the motor is 
larger at that time than is necessary 
to carry its load. Very often asmaller 
motor may be substituted, which will 
be large enough to carry the load, but 
which will run at nearly its full load 
a majority of the time. 

Regarding a saving in rates, power 
companies are in some cases adopt- 
ing the plan of rewarding their cus- 
tomers for maintaining higher power 
factors. If the demand charge is 
made on a kilowatt basis, the power 
factor also is specified. For a low 
power factor, a higher rate must be 
paid. When the demand charge is 
made on the kva. basis, this basis au- 
tomatically takes care of the power 
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factor. Some companies have in ad- 
dition a rate which charges more per 
kilowatt-hour consumed when the av- 
erage power factor is low. 

Another disadvantage of low power 
factor is the greater I’R loss which 
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occurs in all lines and apparatus, as 
current is larger when power factor 
is low. This loss increases inversely 
as the square of the power factor. 
When a heavy current is drawn on 
account of low power factor, the volt- 





Fig. 1—Methods for correcting 
power factor of an induction motor 


load. 

Conditions at the original plant are 
shown at There are twenty 
three-phase, 100-hp. motors rated at 
220 volts, 870 r.p.m. and 245 amp. per 
phase. These motors operate at half 
load and 67 per cent power factor. 
The other diagrams show the dif- 
ferent ways of raising the power 
factor of the power plant. At B the 
power factor is raised by re- 
arranging the motors to carry a 
heavier load. The horsepower out- 
put still remains the same. The out- 
put is increased in C by arranging 
the motors to operate under heavier 
loads. With a kva. input the same 
as in A (1,100 kva.) the power has 
increased from 743 kw. to 945 kw. 
At D the power factor is raised by 


applying a condenser at the load. 
At E a synchronous motor replaces 
some of the induction motors. It 
operates at leading power factor 
and thus raises the total power fac- 
tor. In F and G are cases like E. 
They show the effect of different 
sizes of synchronous motors. At H 
a synchronous motor is applied to 
increase the load of the plant by 200 
kw. without adding generating and 
distributing equipment. At 1 induc- 
tion motors were added to drive an 
additional load. To allow the same 
generating and distributing equip- 
ment to carry this load it was neces- 
sary to put in a condenser. This 
raised the power factor from 70 to 
86.5 per cent. In these examples the 
losses in corrective apparatus are 
not considered. Fig. 3 shows kow 
these losses are taken into account. 
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age drop in the lines leading to the 
motors is correspondingly increased. 
When the voltage drops, the greatest 
trouble is that the allowable load 
which can be put on a motor de- 
creases in the same proportion. Thus, 
if the voltage on a 100-hp. motor 
drops 15 per cent, this motor can 
carry only about 85 hp. But while 
carrying 85 hp. it heats up exactly 
the same way as it would with 100 
hp. and full line voltage. When mo- 
tors are operating at somewhere near 
full load, this is a serious difficulty. 
Another great trouble resulting from 
low voltage is that a motor under 
such conditions has much less start- 
ing torque. In fact, the starting 
torque varies directly as the square 
of the voltage. In such conditions, 
a motor might not be able to start 
its load. Another bad result of low 
power factor in reducing the voltage 
is that it causes lights that are con- 
nected to power circuits to become 
dim. A small drop in voltage has 
considerable effect upon the bright- 
ness of lamps. 


How MUCH WILL IT SAVE TO RAISE 
POWER FACTOR? 


There are several ways of raising 
the power factor on circuits feeding 
motors. It is not worth while, how- 
ever, to start to raise the power fac- 
tor without considering the numer- 
ous advantages and disadvantages. 
The entire question is one of balanc- 
ing the possible saving against the 
cost. Among the savings will be the 
amount of generator capacity which 
will be released in case a private 
plant is operated, or the saving in 
power bills when energy is pur- 
chased from the central station com- 


INDUSTRIAL ENGINEER 





563 
















































Table 1—Effects of Raising Power Factor of 
Induction-Motor Load in Various Ways 
Methods for Raising Power Factor Shown 
in Fig. 1. 
A B C D E F G H I 
— MOTORS 
ee res 743| 743) 945) 743) 563) 549) 446} 743) 943 
Per cent ‘full loadoneach| 50} 100) 100) 50) 50) 50} 50) 50} 50 
Power factor, per cent. Gn. Si . Sil G7 - 64| Gel > GZ GFE. Ge 
| ne 1110} 855} 1110) 1110) 840) 832) 666} 1110} 1410 
Installed hp........... 000} 1000} 1270} 2000} 1510} 1500} 1200} 2000} 2540 
Installed kva.......... 1710} 855} 1085) 1710) 1290} 1282) 1026} 1710) 2170 
CONDENSER KvVA. at zero 
DOWEE TACLOE: «7. 's..... —| —] —] 350) —}] —] —| —) 400 
SYNCHRONOUS MOTOR 
oo Ib Se ners —} —}] —] —] 240) 250) 300) 350) — 
Kw. load.. —{ —] —] —I|{ 180) 194) 297) 200; — 
Power factor (leading) 
ic (2 1 | ae ee a ie —| —} —|] — 75| 77.5, 99) 57) — 
TOTALS : 
NI ies svi ain ch Sites 743) 743) 945) 743) 743) 743) 743) 943) 943 
BN a Bas uns te, 1110) 855) 1110) 875) 875) 875) 870) 1090} 1090 
Power factor, per cent. . 67} 87) 87) 85) 85) 85) 85.5) 86.5) 86.5 
Amperes per phase... .. 3180} 2450} 3180} 2510) 2510) 2510) 2500) 3120} 3120 
MONTHLY BILLS 
Demand charge ($1.50 
per kw.).. .1$1120)$1120/$1420|$1120/$1120) — | —|] —] — 
Energy charge (2c per 
le 2820} 2820} 3590} 2820) 2820} —;} —| —|] — 
*Extra charge for low 
power factor........} 352 0 0 0 oj —}| —}] —]}] — 
Ee erry $4292)/$3940/$5010|$3940/$3940) —| —]| —| — 






































*Note: 


This rate is charged by one company. For 50 per cent power 


factor, 


add 33.3 per cent of energy charge; 55 per cent power factor, add 24.5 per cent; 
60 per cent power factor, add 17.8 per cent; 65 per cent power factor, add 12.5 
per cent; 70 per cent power factor, add 8.3 per cent; 75 per cent power factor, 
add 5 per cent; 80 per cent power factor, add 2.3 per cent; 85 per cent power 
factor, add zero; 90 per cent power factor. subtract 2 per cent: 95 per cent power 
factor, subtract 3.5 per cent; 100 per cent power factor, subtract 5 per cent. 





pany. Another saving is the in- 


creased motor capacity on account of 
the higher voltage, 
above. 
lines and equipment. 


as explained 
Another is decreased loss in 
Motors also 








operate at a slightly higher efficiency 
under correct voltage and higher 
power factor. The better voltage 
regulation for lights also has an eco- 
nomic value. 

Against these advantages must be 
balanced the cost of making the 
changes. The expenses will be those 
for shifting motors to make full use 
of their ratings, or purchasing and 
installing synchronous motors or 
condensers. 

In order to explain in a practical 
way the different methods that can 
be used in industrial works for rais- 
ing power factor and of balancing 
costs against advantages, a number 
of examples are explained in the fol- 
lowing paragraphs. Although the 
figures will not hold for all plants or 
at all times, they will serve as a 
guide for practically any case. Con- 





Fig. 2—A synchronous motor direct 
connected to an air compressor in 
the plant of the American Stee! 
Foundries Company, Chester, Pa. 
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sider a plant having 20 motors rated 
at 100 hp. each. These are 220-volt, 
three-phase induction motors rated 
at 870 r.p.m. and 245 amp. per phase. 
These motors are all operated at a 
load. of 50 per cent and a power fac- 
tor of 67 per cent. Under full load, 
the power factor would be 87 per 
cent. 

There are three problems which 
might have to be met. These are: 
(1) To raise the power factor with- 
out increasing the load; (2) to in- 
crease the load without increasing 
the size of the generating and dis- 
tributing equipment and, (3) to 
raise the power factor and at the 
same time increase the load. The 
common methods for accomplishing 
these results are: (1) To shift the 
motors so that they will be more 
heavily loaded; (2) to put in syn- 
chronous motors to carry a part of 
the load and, (3) to install con- 
densers for the purpose of raising 
the power factor. The examples 
shown will discuss all of these prob- 
lems and methods. To simplify the 
discussion, efficiencies of synchro- 
nous motors and condensers will not 
be taken into account in the first set 
of examples. Later, however, an ex- 
planation will be given showing how 
the efficiencies affect the calculation. 

In the case of the factory men- 
tioned, we can figure that a load of 
1,000 hp. equals 743 kw. With 743 
kw. at 67 per cent power factor, the 
kva. equals 1,110 (748-—0.67). To 
construct a curve showing the rela- 
tion of these quantities, the principle 
of A in Fig. 1 may be followed. Ver- 





Fig. 4—How a change in voltage af- 
fects an induction motor. 

These curves were taken from a 
three-phase, 220-volt, 7.5-hp. 60- 
cycle, 1170 r.p.m. squirrel-cage mo- 
tor. The torque was held constant 


while the voltage was varied from 
190 to 240 volts. 


Fig. 3—How losses are indicated in 
diagrams of condensers and syn- 
chronous motors. 





tical and horizontal base lines are 
drawn as shown, the vertical line rep- 
resenting kilowatts and the hori- 
zontal line reactive kva. By using 
the intersection of these two lines as 
the zero point, an arc of a circle is 
described as shown by the dotted line, 
with a radius equal to the kva. of the 
load, which in this case is 1,110 kva. 
Then a horizontal line is drawn at a 
distance of 743 kw. from the bottom 
line. Where this horizontal line and 
the arc intersect is the point P. Con- 
nect this point P with the center of 
the circle and draw a vertical line 
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through P to the base line. This 
vertical line represents the kilowatt 
load on the motor, while the diagonal 
line equals the kva. load of the motor 
drawn in a proper angular relation 
to the kilowatt load. The angle be- 
tween the diagonal and the vertical 
line is called the angle of lag for 
this power factor. 

Given a case like this, there are 
three possible reasons for wishing to 
increase power factor. The first is 
to improve the power factor to take 
advantage of some of the benefits 
which have already been mentioned, 
without adding any load. The sec- 
ond is to meet a condition where ex- 
tra machines have to be operated and 
it is desired to do so without pur- 
chasing new equipment. The third 
case is that of increasing the power 
factor and at the same time taking 
care of more load. There are three 
ways of taking care of each one of 
these cases. These are by changing 
the induction motors, installing syn- 
chronous motors or installing con- 
densers. 


RAISING POWER FACTOR BY SHIFTING 
MOTORS 


Whenever it is possible, the sim- 
plest and cheapest way to accomplish 
any of these results is to change mo- 
tors around so that they are all car- 
rying a fairly heavy load. Suppose, 
for instance, that it is possible in case 
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Per Cent Power Factor 


0 10 20 30 40 50 60 10 80 90 100 
Per Cent Load 


Fig. 5—Power factor of induction 
motors operated on varying loads. 
The curves are for 60-cycle, three- 
phase motors of 100 hp. Smaller 
motors have lower ypower factors 
while larger motors have slightly 
higher power factors than those 
shown. These curves are averages 
as motors of the same ratings some- 
times have quite different power 
factors. 





A to rearrange the machines so that 
‘only one-half of the present motors 
may be made to carry the entire load. 
This will mean that each motor is 
operating at full load and the power 
factor is, therefore, 87 per cent. 
This is illustrated in drawing B of 
Fig. 1. The arc is drawn as before 
after the value of the kva. is deter- 
mined. This is determined by divid- 
ing the kilowatts (743 kw.) by the 
power factor, which gives 855 kva. 

The big saving resulting from a 
change of this kind is the number of 
motors released to be kept on hand 
for spares or use in other locations, 
or sold. There is also the saving in 
the rate at which the power is bought 
from a central station. To illustrate 
this saving, at the bottom of Table I 
are shown some charges which hold 
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in one locality. These charges, of 
course, may be entirely different 
from the rates which companies can 
give in other localities, but they 
serve to illustrate the point. The 
saving in this case is that for rais- 
ing power factor from about 65 per 
cent to 85 per cent, which equals, ac- 
cording to this particular rate, $352. 
This rate is fixed at 12% per cent of 
the energy charge for the month. 

Still another saving is that result- 
ing from decreased I’R losses. These 
losses vary as the square of the cur- 
rent. The current has decreased 
from 3,180 to 2,450 amp. Taking 
the loss in case A as 5 per cent, that 
is, a voltage drop of 5 per cent from 
the incoming line to the motors, the 
cost of this loss will then be 5 per 
cent of the energy charge. In case 
A, this would be $141. The current, 
however, decreases from 3,180 in 
case A to 2,450 in case B. This loss 
decreases as the square of the cur- 
rent. Therefore, the loss amounts 
to $84 instead of $141, which is a 
saving of $57 per month. 


VOLTAGE DRoP LOWERS CAPACITY OF 
MOTORS 


Although this case does not bring 
in a very large voltage drop, still 
an explanation of its effect upon the 
capacity of motors should be given. 
The voltage drop in case A was 5 
per cent and the voltage drop varies 
as the current, therefore the voltage 
drop in case B equals about 3.8. 
Consequently, there is a difference of 
1.5 per cent in line voltage between 
case A and case B. If the voltage 
in case B is 220, then the voltage in 
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Fig. 6—Reactive kva. of a synchro- 
nous motor. 


These curves show the amount (in 
per cent) of corrective ability which 
@ typical synchronous motor has at 
different loads. The curve A was 
taken with the fleld rheostat set at 
the point which gives 100 per cent 
power factor at full load. For curve 
B the field rheostat was set to give 
80 per cent power factor at full load. 
These curves were presented recently 
by F. C. Hanker, general engineer, 
Westinghouse Electric and Manufac- 
turing Company, before the Illinois 
Gas Association, the Illinois State 
Electric Association and the Illinois 
Electric Railways Association. 


0 





‘case A would be about 217 volts. 


Such a decrease in voltage practically 
makes no difference in this particu- 
lar case. However, if the voltage is 
reduced considerably the rating of — 
the motor will be decreased in about 
the same proportion. The curves in 
Fig. 4 show how a change in voltage 
affects a 7.5-hp. motor. Other motors 
will be affected in a similar way. 

It is possible by this method of 
shifting motors to increase the load 
on the plant without putting in larger 
lines, transformers, generators and 
other equipment. This case is shown 
in C, Table I and in Fig. 1. If the © 
distribution and generating equip- 
ment will carry just 1,100 kva., the 
method of finding the greatest kilo- 
watt load which can be taken care 
of without using condensers or syn- 
chronous motors is shown at C, Fig. 
1. Draw an arc with the radius of 
1,100 kva. and at an angle to make 
87 per cent power factor. The kilo- 
watt load will be 1,100 multiplied by 
0.87, which is 945. Instead of draw- 
ing the angle to scale, the vertical 
line, 945 kw., may be drawn inter- 
secting the arc. As shown in the 
table, the installed horsepower in 
motors is theoretically 1,270, but of 
course thirteen of the motors must 
be used, totaling 1,300 horsepower. 





Fig. 7—Five synchronous motors 
belt connected to ammonia com- 
pressors in an _ installation in 
the Central Manufacturing District, 
Chicago, Tl. 
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KEEPING LOAD CONSTANT AND RAIS- 
ING POWER FACTOR WITH A 
CONDENSER 


If none of the motors can be shift- 
ed around so as to increase the load 
on them and none may be replaced 
by a synchronous motor, it is pos- 
sible to raise the power factor by 
applying a condenser. This is illus- 
trated in D of Fig. 1 and Table I. 
The installation originally was like 
that shown at A and consisted of 
743 kw. load at 67 per cent power 
factor. It is desired to raise this 
power factor to 85 per cent by means 
of a condenser while keeping the kilo- 
watt load the same. A load of 743 
kw. at 85 per cent power factor 
equals 875 kva. Therefore, an arc 
with 875 kva. radius is measured off 
as shown in drawing D. Then ahor- 
izontal line is drawn from the top of 
the kilowatt load line to the left until 
it intersects this arc. This line rep- 
resents the condenser and its length 
equals the kva. capacity required. In 
the present case, it measures 350 
kva. This corrects the power factor 
to 85 per cent without changing the 
load. The same results are achieved 
as those in B, but no motors are re- 
leased from service and there is the 
added expense of a 350-kva. con- 
denser. There is a saving, however, 
of the $352, which is the extra 
charge of the power company for low 
power factor, and also a saving of 
$57 resulting from the decrease in 
I’R loss. This saving in I’R loss will 
not be so great if there is consider- 
able voltage drop between the con- 
denser and the motor. The condenser 
will decrease only the I’R loss between 
it and the source of supply. Con- 
densers installed directly at the mo- 
tors will give the least possible I’R 
loss. They should not be chosen, 
however, without comparing their 
cost with the cost of larger condens- 
ers, installed at central distributing 
points. 


ECONOMICAL TO CARRY PART OF LOAD 
ON SYNCHRONOUS MOTORS 


If part of the load can be driven 
by synchronous motors, it is usually 
economical to replace the induction 
motors. In E#, F and G are shown 
examples of replacing part of a load 
of induction motors with synchro- 
nous motors while raising the power 
factor from 67 to 85 per cent. Syn- 
chronous motors are suitable for di- 
rect connection to large slow-speed 
machines such as compressors, rolls, 
conveyors, fans, crushers, mixers, 
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line shafts and so on. They are also 
suitable for work requiring constant 
intermittent or high speed or for 
direct connection to pumps, blowers, 
fans, frequency changers, motor-gen- 
erator sets and the like. In the draw- 
ings E, F and G the point R is found 
in the same way as it was for D, by 
making an are with a radius of 875 
kva. and cutting that arc with a hor- 
izontal line 743 kva. from the base 
line. Then taking R as a center, use 
the kva. of the synchronous motor as 
a radius and strike an are. This arc 
will intersect the original 1,100 kva. 
line at S. Then the horizontal and 
vertical lines are drawn, completing 
this triangle for the synchronous 
motor. The vertical line shows the 
kilowatt load which the synchronous 
motor can carry. The distance ST 
shows the kva. of motor capacity 
which is released by substituting the 
synchronous condenser. 

In selecting a synchronous motor 
for this use, calculations must be 
made to determine which size is best 
and at what power factor it should 
be operated. In F and G are shown 
two other examples of the same case. 
In E the synchronous motor is rated 
at 240 kva. It is operating at 75 per 
cent leading power factor, carrying a 
load of 180 kw. This means that it 
will relieve the motors of a load of 
180 kw. The motors, however, in 
this particular case are all 100-hp. 
motors and therefore they cannot be 
replaced in this way. Moreover, it 
is best to buy a synchronous motor 
of a standard size, and 240 kva. is 
not a standard size. It is possible, 
of course, to carry a load of 240 kva. 
on a 250-kva. motor, but it must be 
remembered that the 250-kva. motor 
will cost more per useful kva. when 
operated below the maximum rating. 

A 250-kva. synchronous motor, 
however, will fit into the system as 
shown in F of Fig. 1 and the table. 
In this case the motor carries a load 
of 194 kw. operating at about 77% 
per cent power factor. This releases 
500 hp. of the motors installed. At 
list price the motors are worth about 
$5,100, while the synchronous motor 
is worth about $4,500. This means 
a saving of about $600 in motors re- 
leased. Of course, many plants would 
not value the released motors at such 
a high price. They could not dis- 


pose of them at this price after they 
had been used, and they might not 
need such a large stock of spare 
motors. However, to this saving are 
added the other savings in genera- 
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tion and distribution equipment and 
lower rates. 7 

It is possible, however, that an- 
other size of synchronous motor 
would be more economical. We may 
try to apply a 300-hp. synchronous 
motor to the same load. In this case 
the synchronous motor as shown in 
G carries 297 kw. load at 99 per 
cent power factor. This motor takes 
off 444 kva. in induction motor load, 
which is 800 hp. in installed motors. 
The list price of these motors is 
$8,200. The cost of the synchronous 
motor is $5,400, leaving a gain of 
$2,800. It will be seen that the sav- 
ing figured on the list price of the 
motors is greater in this case than it 
was in the previous case. However, 
in most cases the motors cannot be 
valued at their full list price. If 
the motors are valued at one-half the 
list price the net cost of the case 
shown at F will be about $1,950 and 
the cost of case G will be about 
$1,300. Therefore, case G is better 
on this valuation of the motors. In 
both cases the benefits which result 
from the change are identical. It is 
possible, however, that the load will 
not be such that 400 hp. can be car- 
ried by a synchronous motor. 

Another saving is possible when 
the synchronous motor can operate 
at unity power factor. The cost of 
a synchronous motor for this pur- 
pose will be 10 to 25 per cent less 
than that for a motor designed to 
operate at low leading power factor. 
Such a synchronous motor does not 
have a field rheostat and this is one 
reason for lower cost. Also the field 
winding has less copper. It will 
probably be possible to use such a 
motor in the case shown at G, be- 
cause the motor could be sufficiently 
over-excited by raising the voltage 
on the exciter, to operate at a lead- 
ing power factor of 99 per cent, 
which is almost unity. 


INCREASING LOAD WITHOUT INCREAS- 
ING SIZE OF GENERATING AND 
DISTRIBUTING APPARATUS 


There is another class of condi- 
tions under which the economic value 
of raising power factor is very great. 
This is the case where a private gen- 
erating and distributing system is 
now fully loaded, but it is very de- 
sirable to use more motors in the 
plant, in other words, to increase the 
kilowatt load. This may be done by 
putting on a synchronous motor to 
carry part of the load or by adding 
induction motors to carry the load 
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and using a condenser to raise the 
power factor. Of course, where it 
is possible, the most economical plan 
is to shift the motors until they are 
carrying a heavy enough load to give 
a high power factor, as was explained 
in case B. Often, however, this is 
impossible. In case H a synchronous 
motor is used to carry the additional 
load. This is the same plant as that 
shown in A, having a load of 743 kw. 
or 1,110 kva. at 67 per cent power 
factor. Additions to the plant re- 
quire that an extra load of 200 kw. 
be carried. It is desired to use the 


same generating and distributing 
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equipment and, therefore, 1,110 kva. 
cannot be exceeded. To show this 
condition by a diagram, draw a hor- 
izontal line representing 743 kw. As 
200 kw. must be added, draw a hori- 
zontal line 200 kw. above the 743-kw. 
line. Then draw an arc with a ra- 
dius of 1,110 kva. as shown. The 
load then must fall inside of this arc. 
A 300-kva. condenser will not serve, 
because it will cause the resultant 
load to fall just outside of this arc. 
A 350-kva. synchronous motor, how- 
ever, may be employed. This con- 


denser, as shown, will operate at 57. 


per cent power factor when carrying 
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Fig. 8—Individual static condensers 

installed at each motor are an ef- 

ig means of raising power fac- 
Tr. : 

The sheet-iron box holds two 1-kva. 

condensers connected to the 5-hp., 


220-volt, two-phase, 60-cycle motor 
which is bolted to the ceiling. 





200 kw. load. The total resultant 
load of the plant will then be 943 kw. 
or 1,090 kva. at 86.5 per cent power 
factor. This 350-kva. synchronous 
motor will cost about $6,300. The 
cost must be balanced against the 
saving which results from not put- 
ting in new generating or distribut- 
ing equipment. If this additional 
load had been taken care of by in- 
duction motors which would operate 
at a power factor as high as 85 per 
cent, 246 kva. of induction motors 
would have been required, at a cost 
of $2,950. The resultant total load 
would be 1,350 kva. operating at 
about 70 per cent power factor. This 
means that about 240 kva. would 
have to be added in generating and 
distribution equipment. If the plant 
generated its own energy, this addi- 
tional equipment would cost $9,600 
at the figure of $40 per kva. Adding 
this to the cost of the motors, we 
have an expense of $12,550 to carry 
the load, as against $6,300 to carry 
this extra load by means of the 350- 
kva. synchronous motor. In the case 
of the synchronous motor there are 
also to be added the advantages of 
the higher power factor of 86.5 per 
cent as compared with the 70 per 
cent power factor if the induction 
motors were added. 

In case this plant did not furnish 
its own energy, but bought it from 
a central station, it might have to 
supply additional capacity in trans- 
formers. At a figure of $25 per 
kva. in transformer equipment, the 
additional 240 kva. would amount to 
$6,125. Adding this to the cost of 
the motors, the $2,950 plus $6,025 
equals $9,075 as the cost of the 
change. This is much greater than 
applying the synchronous motor, 
which costs $6,300. Also if this plant 
were purchasing its energy it would 
get lower rates through installing 
the synchronous motor, on account 
of the decreased kva. demand, which 
would be 1,090 kva. with the syn- 
chronous motor and 1,350 with the 
induction (Continued on page 605) 





Fig. 9—Static condensers for rais- 
ing power factor in a factory. 

This illustration shows a 300-kva. 
three-phase, 60-cycle, 2,300-volt bank 
of static condensers in the plant of 
the Canton (Ohio) Sheet Steel Com- 
pany. 
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Things to 
Remember When 


Rewinding 
Universal 
Motors 


That Use Either 
a Simple Series 
Type of Winding 
or That Also Use 
a Compensating 


Winding 


By A. C. ROE, 


Shop Superintendent, Detroit: Service De- 
partment, Westinghouse Electric & 
Manufacturing Company 


HEN stripping the winding 
of a universal motor, one 
which operates on either di- 


rect or alternating current, it is im- 
portant to remember that in winding 
the fields of this type of motor, the 
coils must be put back in their proper 
position in relation to the brushes. 
The field core of a universal motor can 
usually be put back only in one posi- 
tion in the frame. Most of the cores 
are built up of laminations riveted 
together. The core is fastened to 
the motor frame and held in position 
by two set screws which project into 
two corresponding holes drilled in 
the stator core. If the stator wind- 
ing is stripped without paying any 
attention to the position of the main 
field coils in reference to these line- 
up holes, the proper position will 
have to be found by trial. This can 
be Mone satisfactorily, as will be ex- 
plained later, but the extra time and 
trouble can be saved if the slots con- 
taining the main coils are marked 
before the old winding is removed. 

There are two general kinds of 
windings used on the stators of uni- 
versal motors. One of these is sim- 
ilar to the field winding of a series 
motor while the other has, in addi- 
tion to such a winding, a compensat- 
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ing winding. The smaller universal 
motors, such as those used in fans, 
vacuum sweepers, drink mixers, etc., 
are simply series motors with a lam- 
inated field. The punchings are usu- 
ally shaped as shown in Fig. 1 and 
Fig. 2. The field coils are wound in 
the same way as any mush direct- 
current field coil. They are left soft 
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Fig. 1—Inserting a coil in the stator 
of a small universal motor. 











| WHEN REWINDING a uni- 
| versal motor, the type that 
operates on either direct or 
alternating current, there are 
some special points to con- 
sider. The fields of this mo- 
tor, especially in the larger 
sizes, are quite different from 
the fields of either single- 
phase or direct-current mo- 
tors. The differences appear 
in the arrangement of the 
fields on the stator. The 
details of stripping the old 
coils, insulating the slots and 
inserting the new coils are 
the same as those given for 
stators of small single-phase 
motors in the article on page 
229 of the May issue of IN- 
DUSTRIAL ENGINEER. 




















and flexible so that they can be 
sprung over the pole horns as shown 
in Fig. 2. After the field coils are 
in place, two fiber or heavy cardboard 
strips are put in on top of them to 
act as wedges to hold the coils in 
position. 

For the straight, series type of 
universal motor, the armature is 
usually connected between the two 
field coils. One lead of each coil is 
connected to the line and the other 
lead of each coil is connected to the 
brush holder. This eliminates a field 
connection inside the motor. 

In Fig. 3 another motor of the 
single series type is shown. In this 
motor, however, the field windings 
are distributed in 24 slots. 

In the larger universal motors 
compensating windings are required 
to cut down the voltage induced in 
the coils which are short-circuited 
by a brush. This voltage is induced 
by the alternating flux regardless of 
the brush position. The magnitude 
of the voltage will depend upon the 
impedance of the coils. In the small 
motors the resistance of the coils is 
usually high enough to limit the in- 
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Fig. 2—A small universal motor 
without compensating field. 


Notice how the leads have been 
taped and tied with string to pre- 
vent their breaking in service. 





duced current to such a low value 
that a compensating winding is not 
required to obtain satisfactory com- 
mutation. But in most of the larger 
machines the coils consist of a few 
turns of a large size of conductor. 


Hence the resistance is low and a. 


compensating winding is necessary. 
This compensating winding is con- 
nected in series with the armature 
and displaced 90 electrical degrees 
from the main field. It is usually 
distributed over a number of slots in 
the pole face, while the main wind- 
ing consists of only one or two coils 
per pole. A compensating winding 
of this kind opposes the magnetism 
generated by the alternating current 
in the armature. It thus prevents 
the induction of current in the coils 
under commutation and thus elim- 
inates sparking at the brushes. 


CONSTRUCTION OF THE FIELD CORE 


The field core construction used in 
the compensated type of universal 
motor is practically the same as that 
of a single-phase stator. The core is 
laminated and there are many slots, 
usually partly closed. The two main 
field coils are wound up on a form 
in the same manner as the field coils 
of larger shunt motors. The field 
coilg on a universal motor, however, 
are threaded into the slots without 
being taped. When the coils are in 
position in the stator the ends pro- 
jecting beyond the core are taped 
from slot to slot. In shaping these 
coils on the stator they must be kept 
below the iron so they will not close 
up the compensating slots. The com- 
pensating winding is put in place in 
the same way as a single-phase sta- 
tor is wound. This type of winding 
is usually of the skein type. 

In Fig. 4 are shown the connec- 
tions of the main and compensating 
fields to the armature. The main 
winding is on one side of the arma- 
ture while the compensating wind- 





Fig. 3—Stator of a universal motor 
with distributed winding. 


This stator has no compensating 
winding but the main winding has 
many turns of fairly small wire 
whose resistance limits the amper- 
age on direct current. The motor is 
part of a drill made by the Chicago 
Pneumatic Tool Company. It is the 
type 3B, which is rated at 240 volts 
and 1,600 to 2,000 watts full load. 
It has twenty-four coils each having 
twenty-four turns of No. 22 silkenite 
wire. The pitch is 1 and.7. 





INDUSTRIAL ENGINEER 


LINE LEADS. 





FLEXIBLE LEAD. 


ee re : 
he 


FIBER PIECES TO HOLD-COILS. 
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Fig. 5—Data for stator of universal 
motor with compensating winding. 


This is the motor whose connections 
are shown in Fig. 4. When strip- 
ping the winding the information 
shown above was put down in addi- 
tion to the following data: No. of 
slots (20). No. of poles (2). Com- 
pensating coils (8). Connection, 
series. Turns (34). One No. 19 sin- 
gle-cotton and enamel wire. Total 
weight (1% 1b.). Main coils (2). 
Connection, series. Turns (34). One 
No. 22 single-cotton and enamel 


wire. Total weight (% Ib.). 





ing is on the other, all three of them 
being in series. 

If it has not been possible to de- 
termine the correct location of the 
coils with reference to the brushes, 
the proper brush position can be 
found by trial. To do this, press the 
stator in place in the frame, judging 
the brush position as closely as pos- 
sible as explained in the article on 
hand-wound armatures on page 78 
of the February issue of INDUSTRIAL 
ENGINEER. Then put in the arma- 
ture and put the end bells in place. 
Now try out the motor by connecting 
it to the line. If it sparks or heats, 
remove the screws from the end 
plate at the commutator end and 
shift this plate around until the mo- 
tor operates satisfactorily on both 
alternating current and direct cur- 
rent. Then make a mark on the 
field frame showing how much the 
screw holes on the end bells have 
been shifted away from the corre- 
sponding holes on the field frame. 
After this remove the end bell and 
make a chisel mark on the stator and 
its frame at the same place. Now 
press the stator out of its frame 
and shift it in the same direction 
and by the same amount as the end 
bell was shifted to get perfect com- 
mutation. The chisel marks can be 
used for guidance in doing this. 
Then press the stator back into its 
frame when it is in this correct po- 
sition. 

Two UNUSUAL FEATURES IN THE 


CONSTRUCTION AND OPERATION 
OF UNIVERSAL MOTORS 


Those who have to repair uni- 
versal motors will be interested in 


the following special points in their - 


construction and operation. One of 
the distinguishing features is that 
the armature will have a larger di- 
ameter in comparison than the arma- 
ture of a straight direct-current mo- 
tor of the same size. The field also 


will have short, stubby pole pieces. 
These two features of construction 
are accounted for by the fact that 
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Slot No. l 


Compensating 
Winding 


Main 
Winding 


the ampere-turns of the armature 
are greater in number than the am- 
pere-turns of the field. It is for this 
reason that a compensated winding 
is required on the larger sizes to 
neutralize the magnetism developed 
by the armature winding. 

Another feature of the universal 
motor is that usually with the same 
applied line voltage it will have a 
greater torque on direct current than 





Fig. 4—How fields are connected on 
a larger universal motor. 

This motor has a compensating field. 
The data which was taken when the 
motor was stripped before rewind- 
ing is shown in Fig. 5 
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it will on alternating current. The 
higher the frequency of the supply, 
the less will be the torque. On direct 
current the voltage drop in the field © 
is due to the resistance of the coils 
alone, while on alternating current 
a greater voltage drop results from 
the impedance of the coils which is 
the resultant of both resistance and 
inductive effects. In fact, some of 
the series commutator type of mo- 
tors have been designed to operate 
on either 300 volts direct current or 
600 volts alternating current. Un- 
der both of these conditions the mo- 
tor torque is practically equal. 
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MAXIMUM AND ECONOMICAL 
mass production of many parts at 
a cost that will return a satisfac- 
tory profit calls for close attention 
to two production problems. First, 
the continuous flow of materials and 
parts to and from machines, and 
second, the highest economical rate 
of production in all steps of manu- 
facture. This article deals with the 
results secured from an analysis of 
these factors in a plant that makes 
pipe fittings. 


Some Practical 
Examples of the 


Speeding 
Up of 


Production 


By Electromagnets, 
Conveyors, Trucks 
and Elevators That 


Maintain an Even 
Flow of Production 


HE extent to which electric 
energy can be applied in the 
manufacture of pipe fittings is 
well shown in the works of George 
B. Limbert Co., East Chicago, Ind. 
From the time of their arrival in 
the yard, the raw materials are han- 
dled almost exclusively on motor- 
driven conveyors, trucks or elevators; 
the rough castings are machined on 
motor-driven equipment, and so on 
through all of the various manufac- 
turing processes. 

A 36-in. electromagnet is used to 
unload the pig iron from the cars 
in which it is received on a track at 
the back of the plant. The magnet 
is handled by a Browning locomotive 
crane. Coke for fuel is received on 


the same track and is stored in a bin 
near the pig iron. The daily charge 
of iron, running from 20: to 25 tons, 
and the coke for melting it (5,000 to 
6,000 Ibs.) is taken from the outdoor 
stock storage to the cupola charging 
floor by the aid of a storage-battery 
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Elevator head and sorting table on 
second floor of finishing department 
in works of George B. Limbert 
Company. 

All small fittings (under 4 in.) are 
carried to this sorting table for dis- 
tribution by the gravity feeds to the 
tapping machines. Wheelbarrows or 
iron barrels are used to move the 
sorted pieces to the tops of the grav- 
ity feed pipes. 





truck and an elevator. The truck is 
fitted with an elevating platform 
that runs under the raised material 
boxes in which the stock is loaded as 
required. All of this material is 
taken inside the plant and passed 
over a scale for weighing, the entire 
run from stock to the elevator being 
about 300 ft. Several boxes of mate- 
rial can be taken up at each trip of 
the elevator, but the electric truck 
remains on the ground floor. The 
short haul of about 25 ft. from the 
raised elevator platform to storage 
around the charging door of the cu- 
pola is made by an elevating, hand- 
operated truck. With miscellaneous 
assignments in the grinding room 


















and about the foundry floor and the 
handling of the raw material from 
stock to the elevator, the time of this 
one truck is fully occupied from 7 
a. m. until 1:30 p. m. of each day. 
Pouring of the molds starts at 
about 2 p. m. and at this time the 
truck comes into service inside the 
foundry. The truck carries the 1-ton 
bull ladle from the cupola to the va- 
rious sub-aisles about the casting 
floor, where the smaller ladles are 
filled for pouring the molds. The 
rest of the afternoon is occupied in 
this service. An evening gang comes 
or duty after. the pouring is com- 


“pleted, shaking out the molds, cut- 


ting sand and preparing for the next 
day’s operations. This same truck 
is used by the evening gang, until: 
about midnight, hauling the castings 
in boxes from the foundry floor into 
the mill room. The average round 
trip is about 200 ft. Between the 
hours of midnight and 7 a. m. the 
truck battery is charged. 
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Nine Typical Steps in 


- Handling Pipe Fittings 


A—Pig iron is moved from yard storage 
to the cupola by an electric truck. 
About 25 tons of iron and 3 tons of 
coke are required daily. 


B—Taking box of coke from elevator 
onto charging floor. A hand truck 
with elevating platform is used for 
the short hauls required to store and 
move the loaded boxes to the charg- 
ing doors. 


ee EO 


C—An electric truck carries the bull 
ladles to the pouring floor. Two 
ladles are mounted on a raised plat- 
form carried on the truck. 


D—Small fittings are brought to the 
fin grinders and then to an elevator 
which discharges onto a sorting table 
on the second floor. 


E—Large fittings are carried to the 
tapping machines by an electric truck. 
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This truck -is used exclusively in the 
finishing, finished stock and shipping 
departments. 


F—Fittings to be tapped are fed by 
gravity through large pipes to the 
tapping machines. After being tapped 
they are carried by a conveyor to a 
motor-operated washing machine. 


G—Connection between apron conveyor 
in basement and bucket elevator to 
second floor where all small fittings 
are sorted before distribution to tap- 
ping machines. 


H—Elevators and trucks are used to 
transfer faced flange ells to stock in 
the basement. 


I—Small fittings coming from the tap- 
ping machines are ca by a con- 
tinuous conveyor to a washing ma- 
chine which discharges onto a sorting 
ove’ for distribution to finished 
stock. 
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The castings, numbering from 
10,000 to 15,000 per day, when de- 
livered to the mill room are put into 
cylindrical motor-operated rattlers 
for preliminary cleaning. On removal 
from the rattlers the smaller pieces 
are tossed directly into stock boxes 
back of the grinders. The larger fit- 
tings (above 4 in.) are placed on the 
floor to be chipped. Al! small fittings 
are rough finished on motor-driven 
wheel grinders and are then thrown 
directly onto a motor-operated apron 
conveyor. 

In cases when it is desired to 
weigh the castings this practice is 
varied by loading the ground fittings 
into a wheelbarrow for movement 
over the scales and back to the con- 
veyor. A scoop shovel is then used 

to transfer the weighed fittings to 


INDUSTRIAL ENGIN EER 


the apron conveyor. This conveyor 
feeds a second apron conveyor which 
runs beneath the floor and discharges 
into a motor-driven bucket elevator 
leading to a sorting table located on 


the second floor of the finishing de- 


partment. 

The partly finished fittings taken 
from the sorting table are loaded 
into wheelbarrows or iron barrels for 
movement to floor boxes placed above 
the various tapping machines on the 
floor below. An 8-in. iron pipe ex- 
tends from the bottom of the floor 





Motor-operated drill finishing a 
6-in. flange union. 

This is a typical illustration of the 
application of motor power to the 
manufacturing processes in the pro- 
duction of pipe fittings. This ma- 
chine is located on the main finish- 
ing floor, where it can be served by 
a traveling crane if necessary. 





‘tapping machines. 
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boxes to the feed points of these ma- 
chines. Fittings are taken from the 
pockets at the bottom of these pipes, 
tapped, and then dropped onto a. 
cross-conveyor immediately below 
the tapping tool. These cross-convey- 
ors all discharge onto a long apron 
conveyor which runs along the side 
of the building and discharges into 
a motor-driven, rotating washing ma- 
chine that removes oil and dirt. Fit- 
tings discharged from the washing 
machine fall onto a slide that carries 
them to a sorting table in the base- 
ment. From the sorting table the 
fittings are tossed into iron barrels 
for movement by hand to the various 


ifinished-stock piles, all of which are 


within a radius of about 100 ft. from 
the sorting table. 

Orders filled from stock go into 
boxes or kegs which are carried on 
a battery-operated truck to, and on, 
an elevator to the first floor and then 
to the loading platform. Thus, it 
may be noted that electric power en- 
ters into almost every phase of the 
production of pipe fittings in this 
plant. One of the exceptions to this 
general statement is the two han- 
dling operations at the sorting tables. 
These are too complicated to permit 
of the use of conveying equipment 
under present conditions; that is, 
with a large variety of work going 
over the same sorting table. 

Larger fittings (4 in. and above) 
are chipped instead of ground after 
coming out of the rattlers. Chipped 
fittings are moved by hand a dis- 
tance of about 50 ft. onto an elevator 
working between the rattler floor and 
the main finishing department floor, 
which is about 3 ft. above the other. 
These large fittings are loaded into 
boxes or on raised platforms for 
movement to the facing, drilling and 
Pieces leaving 
these machines are replaced in boxes 
or on platforms for movement to the 
next machine or to stock in the base- 
ment. The elevator previously men- 
tioned in connection with the move- 
ment of the packed orders from the 
basement to the shipping floor is 
used to lower the larger fittings from 
the main floor to the basement. In 
this operation the boxes or raised 
platform are carried on a storage- 
battery truck onto the elevator and 
to storage in the basement. 

These trucks were made by the 
Automatic Transportation Company 
of Buffalo, N. Y., and are equipped 
with 24-cell Edison storage batteries. 
Separate motors are used on the main 
drive and for elevating the platform. 
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wood and steel pulleys discussed 
in the first section of this article, 
there are several types of special 
pulleys which are used as motor driv- 
ing pulleys. These are made of paper 
or some composition, frequently 
with paper as a base, or of leather, 
rubber, or some other material which 
gives a high coefficient of friction 
between the leather belt and the 
face of the pulley. Probably the 
most common of these is the paper 
pulley which has a very high co- 
efficient of friction. This enables 
the motor to be driven with less belt 
tension and so is easier on the motor 
bearings as well as the belt. 

There has recently been put on 
the market a special wood composi- 
tion pulley much on the same order 
as paper pulleys. It is made up of 
several sections about an inch thick, 
both glued and screwed together. 
This composition material is entirely 
impervious to water or oil and so 
does not require any finishing coat 
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Some of the Factars 


That Insure Good 


Pulley 


And Long Life 


Under Varying Conditions of Lineshaft and 
Machine Operation in Industrial Works 


Service 








This cork-insert steel pulley, 44% in. by 38 in., is used on a 300-hp. motor at 
360 r.p.m. and is required to start under 80 per cent of full load capacity. 


By FRANK E. GOODING 


Associate Editor, Industrial Engineer 


on the surface of the pulley. Use 
develops on the surface of the pulley 
a sort of nap which has a high co- 
efficient of friction. One of these 
pulleys has been used for over two 
years in the open without any de- 
terioration. 











THE FIRST section of this | 
article, which appeared in the 
November issue, covered the 
types and characteristics of 
cast-iron, steel and wood pul- 
leys together with the im- 
portant points to keep in mind 
when ordering pulleys. This 
article will take up paper and 
composition pulleys as well as 
methods of increasing the belt 
adhesion and other service 
considerations. 























Many people, however, prefer the 
cast-iron motor pulley because it is 
much more easily obtained, as it has 
a much wider distribution through 
jobbers than any other type. In 
ordering cast-iron motor pulleys, 
however, very careful attention must 
be paid to the length of the shaft 
and the location of the hubs and 
arms of the pulley. In some cases 
it is possible for the rim of the 
pulley to overhang the bearing of 
the motor, while in other cases the 
rim must be extended and the hub 
and arms placed off-center so that it 
will pass the motor bearing. It is 
well to include the make, size and 
type of motor in giving the order. 
This is particularly true with motor 
pulleys of small diameter. 

As motors are usually operated at 
high speeds, the driving pulley must 
be small in diameter so as to give 
the necessary reduction of speed be- 
tween the motor pulley and the coun- 
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tershaft. Frequently it is necessary 
to put in an intermediate jackshaft 
to give this reduction. For example; 
with a lineshaft speed of 150 to 200 
r.p.m., which is a common practice 
in metal working shops, a motor of 
900 r.p.m. would have to have a 
speed reduction of about 4 or 6, 
which requires a corresponding ratio 
between the pulley diameters. With 
the small pulley driving a large 
countershaft pulley, the arc of con- 
tact on the motor pulley is always 
less than 180 deg., which also de- 
creases the driving power. This 
makes it impractical to put two 
shafts too close together. 


GETTING BETTER BELT ADHESION 


A common method of overcoming 
this difficulty is to use an idler or 
tightener pulley as was shown in 
the previous section of this article 
which appeared in the November 
issue. Another method is shown in 
the illustration on page 577, where 
a group of wood-rim pulleys on cast- 
iron arms are driven from a shaft 
by a series of clutches. The belt 
tension is varied by raising or low- 
ering the tightener pulley in the 
foreground by manipulating the 
hand wheel at the left. With tight- 
ener pulleys there always lies the 
danger of making the belt tension 
too great; when the belt slips the 
idler is tightened altogether too 
often without any: investigation of 
the cause. As a result, the life is 
pulled out of the belt or the bearings 
give way under the pressure. Re- 
peated trouble on belts or bearings 
where tighteners are installed indi- 
cates that the belt or the pulley may 
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Simple Pulley Calculations 
Used Every Day 


Diameter of driver pulley 
Multiply r.p.m. of driven pulley 
by its diameter and divide prod- 
uct by the r.p.m. of driver. 


Diameter of driven pulley 
Multiply r.p.m. of driver by its 
diameter and divide product by 
r.p.m. of driven pulley. 


R.p.m. of driven shaft 
Multiply diameter of pulley on 
drive-shaft by its r.p.m. and 
divide product by diameter of 
pulley on driven shaft. 
Reverse above rule to ascertain 
r.p.m. of drive-shaft. 


Length of belts 

Add the diameter of the two 
pulleys together, multiply by 
3%, divide the product by 2, add 
to the quotient twice the dis- 
tance between the centers of 
the shafts, and product will be 
the required length. 


Hp. of belting 
Multiply the diameter of pulley 
in inches by width of belt in 
inches and divide the product 
by 2,100 for double belt or 3,800 
for single belt. 




















not be of the proper size or type for 
the duty required of it. 

Another very important consider- 
ation regarding a motor pulley is its 
position relative to the driven pulley. 





A good example of belt and pulley 
drive as commonly found in ma- 
chine shops. 

Here the lineshaft extends down the 
center of the shop and drives the 
different machines through counter- 
shafts for each machine. Unless in- 
stallations such as this are kept in 
good operating condition many op- 
portunities exist for heavy losses due 
to slipping belts or to excessive fric- 
tion in bearings. 
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The best practice is to have the 
lower or driving side of the belt 
horizontal. This allows the belt to 
cling to the driven pulley past the 
180 deg. mark and so gives a little 
larger arc of contact, enabling the 
pulley to be driven with less belt 
tension and less pull on the bearings. 
However, when the motor is mounted 
on the floor and the shafting over- 
head, the belt has to be much tighter 
or the pulley will simply spin in the 
belt without taking hold. 

Still another method of getting a 
high coefficient of friction between 
the belt and cast-iron or steel pulleys 
is through the use of cork-insert 
pulleys. These are made by insert- 
ing round pieces of cork in depres- 
sions in the face of the pulley. These 
are staggered and protrude about 
1/32 in. above the surface of the 
pulley. 

Cork inserts give a higher coeffi- 
cient of friction, which increases the 
pulling power materially. Cork insert 
pulleys are somewhat more expen- 
sive than the ordinary pulleys and, 
as they are usually made to order, 
have not had the wide application 
which might be given to them. 


THE WASTE OF SLIPPING BELTS, 


Rubber, leather or other pulley 
coverings will decrease slippage and 
are frequently added to the surface 
of a pulley to give a greater co- 
efficient of friction; for the pulling 
power of the belt with the same ten- 
sion is proportional to the friction 
between the belt and the pulley. As 
the pulley becomes “polished” by the 
slipping of the belt, the coefficient is 
decreased. One way to increase this 
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friction is by the use of belt dress- 
ings but not all of these are to be 
recommended as some are injurious 
to the belt. 

Another plan is to thoroughly 
clean the surface of the pulley and 
coat it with “power glue” (Chicago 
Pulley & Shafting Co., Chicago, dis- 
tributors). Then wrap around the 
pulley one thickness of gauze about 
14 in. wider than the pulley. Cover 
this with two more alternate layers 
of power glue and gauze and finish 
by adding another coating of glue 
on top of the third thickness of 
gauze. Trim the overhanging gauze 
to give a smooth edge and allow to 
dry. This is claimed to be water- 
proof, to have good wearing qual- 
ities and to have a higher coefficient 
of friction than wa’ obtained be- 
tween the belt and the bare pulley. 

Pulley surfaces with a high polish 
show that power has been wasted 
through the unnecessary slippage of 
the belt. This may be due to any 
of several reasons, such as too heavy 
a load, the belt too loose on the pul- 
ley, misalignment of shaft and bear- 
ing with a resultant excessive fric- 
tion load, or insufficient flywheel 
effect to give enough momentum to 
absorb sudden shocks in the trans- 
mission system. 

Continuous slipping not only heats 
and deteriorates the belt, but also 
tends to wear the pulley surface 
smoother and so decrease its grip- 
ping power on the belt. To over- 
come this requires a knowledge of 
the cause. Some of the methods of 
overcoming it are: To use a wider 


pulley and belt and thus get more 
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surface contact; to align the coun- 
tershafts and lineshafts and so de- 
crease the friction load; to use ball 
bearing hangers; to get another type 
of pulley which has a greater co- 
efficient of friction between the belt 
and the pulley surface, or, to treat 
the pulley surface as has been de- 
scribed previously. Each per cent 
of slippage in the belt represents a 
corresponding percentage of waste 
of power. 


SERVICE FACTORS TO BE CONSIDERED 


Although pulleys are meant for 
hard service and it is difficult to 
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Points to consider when ordering 
paper or composition motor pulleys. 


It must be remembered that paper 
or composition pulleys have a thick- 
er rim than cast-iron motor pulleys 
and consequently less allowance can 


be made for “overhang.” The upper 
illustration shows the pulley ar- 
rangement on fractional horsepower 
motors. The lower illustration is of 
motors above 1 hp. 
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Using a tightener pulley to give 
better adhesion between the belt 
and the pulley. 

These wood-rim pulleys on cast-iron 
centers are connected to the shaft by 
couplings. The main pulley is kept 
tight by raising or lowering the 
tightener pulley in the foreground 
by turning the handwheel at the left. 





abuse them without deliberately 
hammering them to pieces, there are 
some considerations which should be 
taken into account. Probably the 
most essential is that in tightening 
up either a split pulley or a clamp- 
hub pulley, all bolts should be tight- 
ened up evenly and together. By 
tightening up one bolt before going 
on to the others, almost any of these 
pulleys can be thrown out of align- 
ment. While this simple considera- 
tion is known by most maintenance 
men, still it is a very common and 
expensive source of complaint to pul- 
ley jobbers. A man must be sent 
out to the plant to loosen the bolts 
and tighten them up properly. Split 
pulleys of any kind are made to run 
true and are in that condition when 
they leave the factory. If they do 
not run true it is not always the 
fault of the pulley. Also, split pul- 
leys should be tight enough so that 
they do not slip the bushings, as slip- 
ping soon polishes the shaft and 
bushings so that it is difficult to 
make a new bushing grip the shaft. 
This is true of both metal and wood 
bushings. 

Another factor is that whenever 
split pulleys are taken apart they 
should be put together and bolted at 
once in their proper relation because 
if the various halves of several split. 
pulleys become mixed at any time it 
is very difficult to separate them 
and match them up. They are liable 
not to run true unless properly 
matched. 

Where wood bushings are used 
they should be kept away from mois- 
ture; otherwise, when placed upon 
the shaft they are liable to shrink 
slightly and loosen up the pulley. 
Metal bushings should always be 
clean, otherwise they may throw a 
pulley slightly out of alignment. 

It is well to inspect cast-iron pul- 
leys upon receipt and before using. 
While, as one pulley manufacturer 
stated, comparatively few cast-iron 
pulleys are broken during the proc- 
ess of manufacture, a larger number 
are broken during shipment. For 
this reason it is best to inspect very 
carefully upon receipt to see if there 
are any cracks in the rim or if a 
spoke or arm is broken away from 
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One arrangement for storing pul- 
leys and interchangeable split bush- 
ings. 

Racks similar to these may be used 
to keep surplus pulleys and bush- 
ings in industrial plants. In this 
way they occupy but little space and 
are easy of access whenever wanted. 
Some men responsible for mainte- 
nance keep a card index of all pul- 
leys on hand, usually filed according 
to diameter, while others go to the 
rack each time they are selecting a 
new pulley. 





the rim. It may be well to add that 
in case a pulley is damaged in ship- 
ment it is always best to order an- 
other immediately and take up the 
claim through the railroad company 
as it is responsible, not the pulley 
manufacturer. Other pulleys may 
also be damaged through the exceed- 
ingly rough treatment which they 
may receive in shipment. 

When storing cast-iron pulleys it 
is well to see that they are stored 
so that they stand with the weight 
resting on the rim, directly in line 
with one of the arms. If a cast-iron 
pulley with a thin rim is left stand- 
ing with all the weight on the rim 
about midway between the two 
arms, it may distort slightly and 
have a flat spot at this point. A 
much better way to store pulleys is 
to place them in a rack where they 
are supported on two planks or pipe- 
frames with the members just wide 
enough apart so that the pulley will 
not fall through. 

It is not well to put pulleys too 
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close together on a shaft, for there 
is always danger of a belt slipping 
off and getting in between them. If 
they are very close, the belt may 
get caught and can cause consider- 
able damage before the machinery 
can be stopped. If it is necessary 
to put pulleys close together, flange 
pulleys or two pulleys wider than 
otherwise necessary should be used 
so that there is no space whatsoever 
between them. Whenever pulleys 
are used in dusty surroundings or 
where there is danger of the men 
coming in contact with moving arms, 
it is often advisable to cover the 
ends of the pulley with a disc. These 
discs may be either of thin veneer 
wood or of sheet metal but should 
in all cases be securely fastened. 





How wood composition pulleys are 
constructed. 


The composition is made up in 
blocks about an inch thick, which 
are cut out and glued and screwed 
together. Narrow pulleys are 
strengthened by flanges as shown at 
the left. Extra wide pulleys have 
an. additional flange in the center. 
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Two pulleys on one motor shaft. 


To get a high reduction ratio be- 
tween the motor and lineshaft re- 
quires small motor pulleys and large 
lineshaft pulleys, which gives a 
small belt contact. Sometimes an 
auxiliary jackshaft is used to make 
the speed reduction in two steps. 
Here two small pulleys on the mo- 
tor drive two large pulleys on the 
lineshaft and thus give a larger belt 
contact without using extra wide 
pulleys. 





From the wide variety of pulleys 
which have been described in this 
article, it will be seen that there is 
little need of using the wrong type 
of pulley. However, the common 
practice of trying to make a pulley 
which is on hand fit, even though it 
may be too small, is the cause of 
much difficulty and waste of power. 
If the pulley is too narrow and the 
smaller belt is forced to drive a 
heavier load than it should, there is 
practically only one way it can be 
made to do it and that is by increas- 
ing the tension. However, increas- 
ing the tension stretches the belt 
perhaps beyond its capacity, the 
stretch becomes permanent and the 
belt has to be tightened and 
stretched again until finally it loses 
its life. In addition, too high belt 
tension is disastrous to bearings 
and, if applied in the center of a 
shaft, may spring the shaft out of 
alignment and add increased friction 
to the load. Incidentally, a light 
pulley can often be put midway be- 
tween two (Continued on page 589) 
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THIS IS THE second of a series of 
articles by Mr. Martindale dealing with 
an analysis of the causes and effects of 
brush and commutator troubles in direct 
current motors and generators, as out- 
lined in the double page chart presented 
by him on pages 476 and 477 of the 
October issue. 

The paragraph numbers and _ headings 
in this article refer to the numbering on 
the chart under section two, dealing with 
troubles due to faulty brush operation. 
The next section of this article will deal 
with the troubles arising from commutator 
defects that are shown on the third divi- 
sion of the same chart. 


Troubles 
Arising From 


Faulty 
Brush 


Operation 


That Show Up at 
The Commutator or 
At the Brushes 


By E. H. MARTINDALE, 


President, Martindale Electric Co., 
Cleveland, Ohio 


HE subjects dealt with in this 
article are shown on the chart 
that accompanied my article 
in the October issue and appeared 
on: pages 476 and 477. It will, there- 
fore, be of interest to the reader to 
follow the checked effects and evi- 
dences of troubles in section two of 
that chart dealing with the troubles 
that are due to faulty brush opera- 
tion. 

Under the heading of “Faulty 
Brush Operation,” the chart shows 
15 causes of trouble with a total of 
87 effects in addition to the secon- 
dary effects caused when sparking is 
present. The discussion of every 
effect under each cause would lead 
to much repetition and produce a 
long and tiresome article. Each 
cause will, therefore, be treated 
briefly. 

As a general explanation which 
holds throughout the chart, let us 
refer to the first cause under “Faulty 
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This illustration shows how a spring balance can be used to measure brush 


pressure. 


Brush Operation,” namely: ““Brushes 
Off Electrical Neutral.” One effect 
is sparking and by referring to 
sparking as a cause it will be noted 
that it may result in high mica, flat 
spots, commutator heating, black 
commutator, rapid commutator wear 
with commutator black, and rapid 
brush wear. Of these effects, it will 
be noted that commutator heating is 
the only one checked under ‘‘Brushes 
Off Electrical Neutral’ because it is 
the only one which is frequently 
present without sparking. The 
others may all be present, but are 
the effects of the sparking and not 
the direct effects of “Brushes Off 
Electrical Neutral.” 

1. Brushes Off Electrical Neutral. 
—The mechanical neutral points on 
a commutator are the commutator 
bars connected to the armature coils 
which are at that instant half way 
between adjacent pole pieces. The 
number of neutral points is equal to 


The operator takes a reading just as the hammer leaves the brush. 


the number of poles. Interpole mo- 
tors and generators are so designed 
that the electrical neutral coincides 
with the mechanical neutral at all 
loads. On non-interpole machines 
the armature reactions distort the 
magnetic field so that the electrical 
neutral is ahead of the mechanical 
neutral in a generator as shown in 
Fig. 1 and behind the mechanical 


neutral in a motor and this neces- 


sitates shifting the brush yoke to 
prevent sparking. It is the general 
practice to set the brush yoke at the 
point of least sparking at the aver- 
age load. 

If the brushes are too far away 
from the electrical neutral, serious 
short-circuit currents will be devel- 
oped which will cause unnecessary 
heating of the commutator and ar- 
mature and usually severe sparking. 
At one time the writer conducted 
a test to determine the current dis- 
tribution in brush faces in various 





580 


positions. Fig. 2 shows the test 
brush which was 1 in. thick with 
marks 1% in., % in., % in. and % 
in. from the toe of the brush. The 
lower row of marks was % in. and 
the upper row % in. from the face 
of the brush. Readings of voltage 
drop were taken and these plotted 
in terms of current density. At 2% 
bars away from the electrical neu- 
tral both the positive and the nega- 
tive brushes showed a_ current 
density of approximately 250 am- 
peres per square inch at the edges 
of the brush while the load current 
amounted to only 40 amperes per 
square inch. The shaded section of 
Fig. 3 shows the short-circuit cur- 
rent. With the total current in- 
creased to nearly three times normal, 
the IR or heat loss was increased 
to nearly nine times normal. The 
actual power loss was not great be- 
cause the voltage behind this short- 
circuit current was small, but the 
effect on the commutator was very 
serious. 

2. Incorrect Brush Spacing.—It is 
evident that if the brush spacing is 
not uniform, the brushes on one or 
more of the studs will not be operat- 
ing on the electrical neutral and may 
cause any of the troubles under 
“Brushes Off Electrical Neutral.” 
Such troubles, however, are not pri- 
marily due to the spacing and have 
not been checked on the chart. In 
Fig. 4 the brush studs are equally 
spaced, but on the stud A the brush 
holders have been rotated on the 
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Fig. 2—Location of test points on a 
brush tested for short-circuit cur- 
rents. 
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Fig. 1—Shifting of electrical neu- 
tral in a generator due to armature 
reactions. 





stud to throw the holder a little 
farther from the commutator and on 
stud C of the same polarity a little 
closer to the commutator than the 
correct position. This throws one 
brush one bar ahead of the neutral 
and the other brush one bar back of 
the neutral. 

Let us assume that the ma- 
chine is a generator with studs 
A, C and E positive and studs B, D 
and F negative. The voltage gen- 
erated between A and the negative 
studs will be greater or less than 
that between C and the negative 
studs. Assume it is greater. As 
soon as the difference equals the in- 
ternal drop in the coils connected to 
A, C and E the brushes on stud B 
will cease to carry any load, throw- 
ing approximately 2/3 of the load 
onto stud A and 1/3 onto stud £. 
As this difference increases, stud 
E will in turn become idle throwing 
all of the line load onto stud A, in 
addition to which a_ short-circuit 
current will flow from stud A into 
stud B reversing the direction of 
current in that stud. It will, there- 
fore, be readily seen that spacing is 
a very important matter. The 
brushes may be properly spaced by 
counting: the total number of bars, 
dividing by the number of studs and 
setting the brushes that number of 
bars apart. 

A more accurate method is shown 
in Fig. 5. Cut a strip of paper the 
width of the commutator, a little 
longer than the circumference of the 
commutator; place this on the com- 
mutator and either cut the paper so 
that the ends just meet or else mark 
accurately the point at which the 
ends overlap. Remove the paper, 
mark points accurately spaced equal 
to the number of poles, draw lines 
across the paper at these points, re- 
place the paper with one edge of the 
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brushes on one stud exactly on the 
line and set the brushes on all the 
rest of the studs on their corre- 
sponding lines. 

8. Brushes Too Thick.—If a brush 
is too thick it will span too many 
bars and the result will be the same 
as though a brush were operating 
off the electrical neutral. Most of 
the old machines were designed for 
current densities of approximately 
30 amperes per square inch of brush 
surface, whereas the high grade 
brushes made today will carry from 
45 to 60 amperes per square inch. 
It will often be beneficial on old 
machines to reduce the thickness of 
the brushes which may improve com- 
mutation and also reduce the fric- 
tion loss by reducing the amount of 
brush surface. This reduction should 
be made by filing down the same 
edge of all brushes for a distance of 
about 4% in. from the face as shown 
in Fig. 6. 

If this is tried and found success- 
ful, it may prove economical to 
either order a new set of brush hold- 
ers to correspond to the new thick- 
ness of the brushes or to bush the 
old holders to this thickness in order 
to reduce the expense of a new set of 
brush holders and avoid the neces- 
sity of occasionally removing brushes 
to file down the edges. 

If you are using «high-grade 
brushes on an old machine with sev- 
eral brushes on each stud and the 
thickness seems satisfactory, try re- 
moving about 30 per cent of the 





Fig. $—Shaded portion shows short- 
circuit current in a brush 2% bars 
away from the neutral point. The 
load current is crowded into less 
than % of the brash. 
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brushes. This will reduce the brush 
renewal expense and the reduction in 
heating due to friction may permit 
you to make quite an increase in the 
load on the machine. Care should be 
taken to remove the same number of 
brushes from each stud. It may be 
well to first remove only one brush 
from each stud and if the operation 
continues satisfactory, remove an- 
other and so on as long as the 
brushes operate satisfactorily and 
until you have removed about one- 
third of them. 

4. Brush Pressure Too Low.—If 
the brush pressure is too low, the 
brushes will not make proper con- 
tact with the commutator and the 
current must pass between the brush 
and commutator in the form of a 
small are. Under such conditions 
the commutator will have a dull 
black burned appearance and if the 
mica is not undercut it will soon be- 
come high. If the pressure is low 
enough, the brush faces may become 
pitted and will often become hot 
enough to glow and will show rapid 
wear due to the burning. 

5. Brush Pressure Too High.—lIf 
the brush pressure is too high; it 
causes an excessive friction loss 
overheating the commutator. If the 
brushes are abrasive, high pressure 
will cause rapid commutator wear 
and the surface will have a bright 
raw copper color instead of the dull 
black color when rapid wear is due 
to sparking or burning. 

6. Unequal Brush Pressure.— 
When there are several brushes on 








Fig. 4—Unequally spaced brushes 
showing how one brush may be one 
bar ahead of the electrical neutral 
and another brush one bar behind 
the electrical neutral. 





each stud and the current density in 
the brushes is low and commutation 
good, unequal brush pressure is not 
particularly serious unless the pres- 
sure on some brushes is low enough 
to cause burning or high enough to 
cause cutting or excessive friction. 
When, however, the brushes are 
operating near their rated current 
density any variation in pressure 
may cause sparking on some of the 
brushes. At least 80 per cent of the 
resistance between the commutator 
and the brush yoke is in the contact 
resistance between the brush face 
and the commutator. A little differ- 
ence in pressure will increase or de- 
crease this contact resistance and 
cause the brush with the higher 
pressure to carry more than its share 
of load. 
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If this increases the current be- 
yond the carrying capacity of the 
brush, it will usually cause sparking 
and often cause glowing and rapid 
wear of the brushes. 

Pressure Recommendations.— 
Variation in operating conditions 
make it impossible to set a definite 
“best” pressure for general practice. 
It is seldom advisable to use less 
than 134 lbs. per square inch and 
this low pressure will be successful 
only on commutators which are not 
eccentric and are free from vibra- 
tion. The best pressure will vary 
from 1%4 lbs. for such machines up 
to about 4 lbs. per square inch for 
stationary machines where vibration 
is present or where the commutator 
is eccentric depending on the degree 
of the trouble. On crane motors, 
railway motors, mine locomotives 
and similar machines the best pres- 
sure will vary from 4 lbs. to 7 lbs. 
per square inch depending on condi- 
tions of track, speed and other causes © 
ot vibration. 

Whatever pressure is selected the 
important thing is to get the pres- 
sure uniform on all the brushes. A 
small spring balance with a loop of 
string to slip under the hammer, as 
shown in the illustration at the be- 
ginning of this article, gives good 
results. Be careful always to do 
three things: (1) Have the loop of 
the string at the point of the ham- 
mer that bears on the top of the 
brush. (2) Pull straight (parallel to 
the length of brush). (3) Read 

the spring balance just as_ the 
hammer is lifted free from the brush 
or in clamp type holders just as the 


_ brush is lifted from the commutator. 


If any of the hammers do not re- 
turn to the brush after a slight re- 
duction in the pull, it is well to 
investigate the bearings or hinge of 
the hammer as it may be burned or 
dirty, thereby preventing the ham- 
mer from working freely. - 

7. Brushes Tight in Brush Hold- 
ers.—Commutators are very seldom 





Fig. 5—A convenient and accurate 
method for properly spacing 
brushes. 

When using this method cut a strip 
of paper the width of the commu- 
tator and a little longer than the 
circumference of the commutator. 
Place this on the commutator and 
mark accurately the point at which 
the ends overlap. Then remove the 
paper and mark points on it spaced 
equal to the number of poles. Then 
draw lines across the paper at these 
points and replace the paper on the 
commutator. Set the brushes so 
that the edges of the brushes on 
each set of studs are exactly on the 
lines marked on the paper. 
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absolutely round and also concentric. 
The eccentricity may not be suffi- 
cient to cause a visible movement of 
the brushes up and down in the hold- 
ers but it is sufficient to prevent 
continuous contact between the 
brushes and the commutator if the 
brushes do not move freely in the 





Fig. 7—This illustration shows a 
brush in a worn holder and how it 
makes contact with the holder only 
at the bottom on one side and at 
the top on the other side. 





brush holders. Brushes may be 
prevented from free movement by 
burned holders, dirty holders, over- 
size brushes or dirty brushes. Lubri- 
cated brushes are not recommended 
and neither is the use of paraffine, 
oil or other lubricant on the com- 
mutator. If such practice is per- 
sisted in, the brushes and holders 
should. be cleaned with gasoline 
whenever the movement of the 
brushes becomes sluggish. On some 
machines it is impossible to keep oil 
from creeping onto the commutator 
and the same care should be taken 
to remove the oil frequently from 
the brushes and holders. 


8. Worn Brush Holders on Ma- 
chines Running in Only One Direc- 
tion.—A good fit between the brushes 
and brush holders accomplishes two 
things: (1) It permits a part of 
the current to pass directly from the 
brush to the brush holder instead of 
through the brush shunt frequently 
called “pigtail.” (2) And more im- 
portant, it conducts the heat away 
from the brush preventing it from 
getting too hot. Worn holders may 
permit only a line contact between 
the brushes and the holders prevent- 
ing both of the above functions and 
causing the shunt connections to be- 
come overheated. Brush _ shunts 
which depend solely on solder for 
their connection to the brushes will 
be easily loosened under these con- 
ditions and even on riveted shunts 
the heating will burn the carbon 
around the contacts and eventually 
destroy the connections. 
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If the brushes are not equipped 
with shunts, all the current must 
pass from the brush directly to the 
brush holder or through the brush 
hammer. If it passes from the brush 
to a worn holder the current density 
in the poor contact becomes so high 
that it produces a small are which 
will burn the brush holders and the 
sides of the brushes. If it passes 
through the hammer the heating 
may be sufficient to take the temper 
out of the spring, causing the loss 
of proper brush pressure. Through 
an oversight this point was not 
checked on the chart under this 
heading. 

9. Worn Brush Holders on Re- 
versing Motors.—In addition to the 
troubles just enumerated, several 
others may be present when the 
worn holders are encountered on 
machines which reverse the direction 
of rotation. 

Figure 7 illustrates a brush in a 
worn holder showing how it makes 
contact with the holder only at the 
bottom on one side and at the top 
on the other side. Figure 8 shows 
two brushes which have been oper- 
ating in worn holders. As soon as 
the machine reverses direction, the 
only part of the brush faces making 
contact with the commutator will be 
the relatively small portion with the 
lighter shade. This will make a very 
high current density in the brush 
face which may be sufficiently high 
to produce glowing and pitting of 
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the brush faces. This will generally 
produce more rapid wear on the 
brushes than will occur when they 
fit properly in the holders. The small 
area of contact will usually not allow 
sufficient time for perfect commuta- 
tion and sparking will result, al- 
though it will be under the face of 
the brush and may not be visible. 


i 





Fig. S—These two brushes have 
been operated in worn holders. 


The only parts of the brush faces 
making contact with the commu- 
tator are the relatively small por- 
tions of the lighter shade. This 
causes high current density in the 
brush face with glowing or pitting 
the result. 




















Fig. 6—Brush with one edge cut 
down to reduce thickness. 











The reduced area produces a rela- 
tively high pressure on the small 
contact surface immediately after 
the direction is reversed and will 
often cause the brushes to chatter or 
cut the commutator. 

10. Brushes Operated at Wrong 
Angles.—The best angle at which to 
operate any brush depends upon its 
coefficient of friction which, in turn, 
is influenced by brush pressure, 
peripheral speed of. commutator, 
mechanical vibration in the machine, 
sparking, condition of the commu- 
tator and other causes including 
even atmospheric conditions. It is, 
therefore, impossible to give any set 
rules for determination of the 
proper angle. j 

If the direction of the operation 
of the commutator is toward the 
sharp edge of the brush, it is some- 
times termed the leading position 
and when operating against the 
blunt edge, it is termed the trailing 
position, as shown in Fig. 9. On 
a bevelled brush there are two forces 
tending to push the brush to one 
side or other of the holder. First 
the resultant force of the pressure 
applied by the spring; second, the 
friction between the brush and -com- 
mutator. 

In brushes operating in a trailing 
position, both of these forces act in 
the same direction and, therefore, 
the friction tends to increase the’ 
effective brush pressure. With bev- 
els of less than 15 degrees, this 
cumulative action does not materi- 
ally (Continued on page 607) 
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Some Points 
to Observe 


When 
Installing 
Fire Pumps 


According to the 
Regulations of the 


National Board of 
Fire Underwriters 


By G. A. VAN BRUNT 
Managing Editor, Industrial Engineer 


IRE PUMPS are ordinarily op- 
FH erate only in emergencies and 

under conditions which are 
such that failure to perform properly 
is likely to result in disaster. In 
order to fight a fire successfully it is 
absolutely essential that there be 
available an ample supply of water 
at an effective pressure. In the in- 
stallation, as well as the design of 
fire pumps, every precaution must 
be exercised to make the service as 
dependable and free from interrup- 
tion as possible. Therefore, for the 
purpose of securing conformity to 
what has been shown by experience 
to be the best practice in the instal- 
lation of this sort of equipment, reg- 
ulations have been drawn up by the 
National Board of Fire Underwrit- 
ers and form the basis on which the 
insurance companies make their in- 
spections. 

The three general types of pumps 
employed for fire service may be dis- 
tinguished as reciprocating, rotary 
and centrifugal. These same types 
are also widely used in industrial 
work, although there are numerous 
differences in design and construc- 
tion between ordinary commercial 
pumps and those which are intended 
for fire purposes. Briefly, these dif- 
ferences consist principally in the 
use of larger passageways and pipes, 
heavier construction, better material, 
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This two-stage centrifugal fire pump with combined manual and automatic control 
is installed in the plant of the Cadillac Motor Company, Detroit, Mich. It has 
a capacity of 1,000 gal. per minute against 100 lb. pressure. 


extra fittings and attachments and 
in making of non-corrodible material 
working parts which are exposed to 
corrosion. 
finements and changes is to make 
the pump more reliable in service 
and better able to stand emergency 
overloads without signs of distress. 

The duplex is a well-known exam- 
ple of the reciprocating type of 
pump. Some so-called duplex pumps 
have “steam thrown” valves which 
control the admission and exhaust of 
the steam and are actuated by supple- 








IN ORDER to pass the in- 
spection which is made be- 
fore insurance is granted on 
industrial property, fire 
pumps and other protective 
equipment must conform to 
the regulations formulated by 
the National Board of Fire 
Underwriters. These regula- 
tions cover both the construc- 
tion and installation of 
equipment and are designed 
to secure service which is de- 
pendable to the highest de- 
gree. This article outlines 
the more important require- 
ments governing the installa- 
tion of fire pumps. 


| 
| 
| 
| 




















The object of these re-, 


mental pistons. Only standard du- 
plex pumps are acceptable to the Fire 
Underwriters. In these pumps the 
valves of the steam end are mechan- 
ically connected to and operated by 
the pistons, the valve of one side be- 
ing controlled by the piston of the 
other side. Plenty of power is thus 
available for moving valves or rods 
which may have become corroded by 
standing idle for a long time; so 
that the possibility of the pump re- 
fusing to start is greatly reduced. 
As a precautionary measure, steam 
fire pumps should be started at least 
once a week, in order to keep them 
limbered up. 


INSTALLATION OF FIRE PUMPS 


The proper installation of fire 
pumps is a matter of much impor- 
tance and the main features of the 
Fire Underwriters’ regulations on 
this point are given below. 

Steam fire pumps should be placed 
on solid foundations built of con- 
crete or of brick laid in strong hy- 
draulic cement. It is desirable to 


give the foundation a batter fore 
and aft of about one to four, in 
order to secure ample bearing upon 
the sub-foundation. A stone or cast- 
iron capping under each cylinder is 
of advantage in tying together the 
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upper part of a brick foundation. 

Foundation bolts about four feet 
long should be built into the founda- 
tion to match the holes in the water 
cylinder feet. It is not necessary to 
put in foundation bolts at the steam 
end, but if they are used they should 
not be tightened enough to prevent a 
slight horizontal movement of the 
cylinder, due to expansion and con- 
traction. Pumps should be set level 
and the joint between the founda- 
tion and the water cylinder feet 
should be made solid by grouting 
with thin, pure cement. After this 
sets, the bolts should be tightened up. 

A suction pipe which is short and 
well supported should preferably be 
of flanged pipe with rubber gaskets. 
For long runs in yielding soil, bell 
and spigot pipe should be used and 
the joints filled with lead, not yarn, 
and tightly calked. In laying the 
suction pipe care must be taken to 
see that it has a constantly ascend- 
ing grade from the water supply to 
the pump. Also very long suction 
pipes should be avoided. If the 
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An auxiliary pump used in connec- 
tion with a large fire pump for tak- 
ing care of small leaks and keeping 
up pressure may be connected to 
suction and discharge of the large 
pump. Aside from this, however, 
other pipe should not be connected 
to the fire pump suction. As a gen- 
eral rule the use of one suction pipe 
by two fire pumps should, if possible, 
also be avoided. 


An approved outside-screw-and- 


yoke, flanged gate-valve and a check 
valve should be placed in the dis- 
charge pipe and located close to the 
pump. 

The steam supply for the pump 
should invariably be an independent 
line from the boiler and run so as 
not to be liable to injury in case of 
fire in any part of the property. The 
other steam lines from the boilers 
should be controlled by valves lo- 
cated in the boiler room. In an 
emergency the steam can be shut off 
from these lines, leaving a supply 
available for the fire pump. 

The steam throttle at the pump 


length exceeds 100 ft. an intake well “should close against the steam pres- 


should be provided, if possible, close 
to the pump and fed by a large tile 
pipe laid on a down-grade from the 
source of supply. <A gate valve 
should be placed in this outlet pipe. 

Ordinarily, a foot valve is not re- 
quired and should be used only in 
case there is a very long suction pipe 
or very high suction lift. If a foot 
valve is used it should have bronze 
seats with the valve faced with 
leather or other suitable material 
and be of a design that will not un- 
duly restrict the flow of water to the 
pump. The foot valve should also be 
readily accessible’ and be provided 
with handholes. 

If a strainer is advisable it should 
be so constructed and arranged as ta 
permit of cleaning or repairing with- 
out disturbing the suction pipe. The 
screen should have an effective area 
equivalent to at least five times, 
preferably it should be ten times, 
the area of the suction pipe. The 
use of the ordinary combination foot 
valve and strainer should, however, 
be avoided. 





This is what is known as the duplex 
steam fire pump. 

This type of pump has been in use 
for many years. It comprises two 
steam and two water cylinders 
mounted side by side. The piston or 
plunger in the water cylinder is 
mounted on the same piston rod as 
the steam piston, but at the other 
end. The piston rod of one side con- 
trols steam valve of other side. 


sure and preferably be of the globe 
pattern, with solid disc. If a valve 
having the disc fitted with a remov- 
able composition ring is used, the 
disc should be of bronze and the ring 
made of a hard and durable material 
and so held in place that it will meet 
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the severe service conditions. In 
general, a reducing valve should not 
be placed in the steam line of a fire 
pump. Any valve of this sort may 
become an obstruction in the steam 
line in case it gets out of order. If 
a reducing valve must be employed 
care should be taken to select a rug- 
ged valve of simple design, in order 
to reduce as much as possible the 
chances of failure from any cause. 

The exhaust pipe should be run di- 
rect to the atmosphere and should 
not contain valves of any sort. It 
should not be connected with any 
condenser, heater or other systems 
of exhaust piping. 

In order to provide a boiler feed 
supply so that the fire pump can be 
operated in case the usual boiler feed 
apparatus is out of service, it is rec- 
ommended that an emergency feed 
be provided by connecting the boiler 
feed pipe with the pump discharge. 
A control valve should be located at 
the fire pump and, if desired, another 
valve may be placed in the boiler 
room. A check valve should also be 
placed in this feed pipe, preferably 
in the boiler room. 


ROTARY AND CENTRIFUGAL FIRE 
PUMPS 


The rotary and the centrifugal are 
two types of pumps which differ rad- 
ically from the plunger type and 


«| 
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have come into wide use in compara- 
tively recent years. In a rotary 
pump the working parts are a pair 
of specially designed cams or gears 
which interlock and work together. 
As the cams revolve, the water en- 
tering the suction inlet is carried 
around by the teeth or buckets of the 
cams and forced out at the discharge 
outlet. Compared with centrifugal 
pumps, the speed of rotary fire pumps 
is rather low, being around 600 or 
700 r.p.m. for a 500-gal. pump which 
is delivering its rated volume of 
water at 120 lb. net pump pressure. 

In centrifugal pumps the water 
entering the suction inlet is given a 
high velocity by rapidly revolving 
blades or impellers. The velocity of 
the water on leaving the impeller is 
then reduced by suitably arranged 
passes and appears as_ pressure. 
High pressures may be secured by 
increasing the speed or by arranging 
two or more impellers in series. 
This method is usually employed, in 
order to avoid excessively high 
speeds, and is the principle on which 
the multi-stage pump operates, al- 
though for the sake of simplicity all 
of the impellers are mounted in a 
single casing. According to the Fire 
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Underwriters’ requirements, centrif- 
ugal fire pumps must be of not more 
than four stages. Also, as in the 
case of steam fire pumps, both ro- 
tary and centrifugal fire pumps must 
possess certain features, in the way 
of more rugged construction, larger 
water passages, non-corrodible work- 
ing parts and so on, which are not 
found in commercial ‘pumps. 

The regulations for the installa- 
tion of both rotary and centrifugal 
pumps require that they be located 
so as to be safe from damage by 
falling floors or machinery and be 
protected by suitable cutoffs from 
any influence such as fire, smoke or 
flood that might drive the operator 
away. An isolated one-story build- 
ing is to be preferred. The pump 
room should be of ample size to af- 
ford access at all times for operating 
and overhauling and should not be 
used for storage purposes. The lo- 
cation of the room must allow prac- 
ticable pipe connections, particularly 
of the suction pipe. 

In the case of a rotary fire pump, 
it must be placed at such a level that 
the suction lift will not exceed 15 ft. 
Finally, suitable means must be pro- 
vided for keeping the temperature 
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of the pump room above the freez- 
ing point, artificial light must be 
provided and arrangements made 
for ventilation and drainage. 

The requirements for the founda- 
tion and setting of the pump are 
substantially the same as given pre- 
viously for steam fire pumps and call 
for a solid foundation of concrete or 
of brick laid in hydraulic cement. 
The pump must be set level and se- 
curely fastened down with suitable 
foundation bolts after the joint be- 
tween the foundation and bedplate 
has been made solid by grouting with 
thin, pure cement. When motor- 
driven centrifugal pumps are being 
installed, care must be taken not to 
spring the bedplate and thus throw 
out of alignment the pump and mo- 
tor shafts. 

The supply of water should pref- 
erably be inexhaustible, but if only 
a stored supply is available, it should 
be large enough to supply the pump 
for two hours, more or less, depend- 
ing on local conditions. A reliable 
means must be provided for filling 
the reservoir through a 6-in. or 
larger pipe. 

Long suction pipes, over 100 ft., 
and lifts greater than 15 ft. should 
be avoided. If the pipe is short and 
well supported it should preferably 
be of flanged pipe with rubber gas- 
kets; otherwise, bell and spigot pipe 
should be employed and the joints 
leaded and tightly calked. Suction 
pipes should, of course, always be 
laid so that they have a constantly 
ascending grade from the water sup- 
ply to the pump. 

In the case of rotary fire pumps 
the average situation does not re- 
quire a foot valve and it should not 
be used except when there is a very 
long suction pipe or a very high lift. 
With centrifugal pumps, however, 
all situations involving a lift require 
a foot valve. Any foot valve used 
with either pump should have bronze 
seats, with the clapper faced with 





How a rotary pump looks on the 
inside. 

This illustration shows a rotary 
pump with the front of the head re- 
moved, exposing the cams or im- 
pellers. When the pump is in oper- 
ation these cams mesh and are ac- 
curately timed and driven by pilot 
gears. The cam teeth move down- 
ward in the center and upward along 
the cylinder walls, against which 
they bear lightly. As the teeth move 
apart in the bottom of the pump a 
vacuum is created, causing the water 
to rush in and fill the spaces between 
the teeth. The water is then car- 
ried up around the walls of the 
pump to the top, where the cam 
teeth mesh together and force the 
water out through the discharge 
opening. 
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Some Typical 
Fire Pump Installations 


| _in Industrial Works | 


































| A—This centrifugal fire pump is 

| driven by a steam turbine and 
has a capacity of 1,500 g.p.m. 
against 100 lb. pressure. It is-in 
the plant of H. C. Willis Com- 
pany, Marysville, Mich. 

B—An example of automobile-type 
gasoline-engine drive for a cen- 
trifugal pump. This installation 
is located at Glens Falls, N. Y. 


| C—Here is a workmanlike installa- 

| tion comprising centrifugal fire 
pumps direct-connected to elec- 
tric motors. Note the partition 
on the large unit, to keep the 
motor dry. 

D—Typical arrangement of motor- 
driven centrifugal fire pumps and 
control. The control board and 
pump valves are placed near each 
other to facilitate regulation. 

E—This three-stage centrifugal 
pump, direct-connected to a gas- 
oline engine, is installed in the 
Westinghouse works at East Pitts- 
burgh, Pa. 

F—Neatness and compactness char- 
acterize the installation of this 
motor-driven, automatically con- 
trolled centrifugal pump. 























G—In case of fire this four-stage 
motor-driven centrifugal fire 
pump can deliver 500 g.p.m. 
against 230 lb. pressure. 


H—Another motor-driven multi- 
stage centrifugal fire pump which 
is ready for efficient service. 


I—A 1,000 g.p.m. two-stage centrifu- 
gal fire pump with manual con- 
trol, in the plant of the Packard 
Motor Car Co., Detroit, Mich. 

J—If the electric service fails dur- 
ing a fire, or additional pumping 
capacity is needed, the gasoline 
engine driving this two-stage cen- 
trifugal fire pump can be started. 

K—Many fire pump installations 
look like this, but if the equip- 
ment is properly installed and 
cared for a homely background 
will not lessen its reliability. 

L—When the need arises, this cen- 
trifugal fire pump will be ready 
to throw into the flames 1,500 gal. 
of water per minute. 


M—A steam turbine drives this 
1,000 g.p.m. centrifugal fire 
pump in plant of the Fisher Body 
Corporation, Cleveland, Ohio. 
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leather or other suitable yielding 
material, and be of such design that 
it will not unduly restrict the flow of 
water to the pump. 

If a strainer is required it should 
be constructed and arranged so that 
it can be cleaned or repaired without 
disturbing the suction pipe, and the 
screen should have an effective area 
of 1 sq. in. for every rated gallon 
per minute size of pump. The ordi- 
nary combination foot valve and 
strainer should be avoided. 

When the pump takes its suction 
under a lift the suction pipe must 
not be used to supply another pump. 

In the case of centrifugal pumps 
which do not take the water under 
a slight head, some efficient method 
of priming must be provided. One 
of the methods recommended is to 
fit an approved foot valve to the 
lower end of the suction pipe and 
connect the priming tank to the dis- 
charge side of the pump. This tank 
should have a capacity of at least 
three times the volume of the pump 
and suction pipe and should be con- 
nected so that all of the water en- 


ters the pump and is not wasted in 


the discharge pipes. The bottom of 
the tank should be at least two feet 
above the lift of the pump and means 
must be provided for keeping the 
tank filled, either by an auxiliary 
pump or connection to a public sup- 
ply, through a good-sized ball and 
cock arrangement. An approved al- 
ternative method of priming when 
the suction pipe is unusually long, 
for example, involves the use of a 
small centrifugal pump driven by a 
separate motor and preferably sub- 
merged, with its discharge con- 
nected between the main fire pump 
and its discharge check valve. Ifthe 
priming pump cannot be submerged, 
a moderate-sized tank must be pro- 
vided for priming it. Also, if a reli- 
able steam supply, or a separate wa- 
ter supply under good pressure is 
available, a liberal-sized exhauster or 





Three-stage centrifugal pump with 
upper casing lifted to show im- 
pellers. 

In this type of pump the water en- 
tering at the inlet is given a high 
velocity as it travels from the inner 
ends of the rapidly moving impeller 
to the outer circumference. This 
velocity is then converted into pres- 
sure by the use of properly designed 
water passages. The head or pres- 
sure increases as the speed of the 
impeller is increased, but to obtain 
high pressures at moderate speeds 
the discharge from one impeller (or 
single-stage pump) may be piped to 
the suction of another. This is the 
principle of the multi-stage pump, 
although for the sake of compact- 
ness and simplicity all of the im- 
pellers are mounted in one casing. 
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syphon ejector may be connected up 
between the pump and the discharge 
check valve and employed to exhaust 
the air from the pump and suction 
pipe and thus induce prompt start- 
ing of the pump. Or, there may be 
employed some mechanically oper- 
ated exhauster driven by a separate 
motor and designed to remove the 
air quickly from the pump and suc- 
tion pipe. The exhauster should be 
connected between pump and dis- 
charge check valve, with a gate valve 
of approved indicating type placed 
in this exhaust connection. This 
valve is to be closed as soon as the 
pump is primed. 

The regulations governing the 
discharge pipe from rotary and cen- 
trifugal fire pumps are the same as 
given previously for steam pumps 
and require that an approved out- 
side-screw-and-yoke, flanged gate 
valve and a check valve be placed in 
the discharge pipe and located close 
to the pump. 


DRIVES FOR ROTARY AND CENTRIFU- 
GAL PUMPS 


Rotary fire pumps may be driven 
in any one of several ways, depend- 
ing on conditions. If there is avail- 
able a separate water wheel motor 
or other prime mover of ample 
power and running at the rated 
speed of the pump, the shafts of the 
pump and of the prime mover may 
be directly connected. No clutch is 
necessary, but there is needed some 


a 


| 
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form of coupling to allow for slight 
end play of the pump shaft. If the 
speed of the prime mover is not the 
same as that of a pump, a silent 
chain drive or cut spur gear may be 
employed. The gears should be kept 
in mesh at all times. No clutch or 
coupling is necessary. If an electric 
motor is used, pump and motor 
should be bolted firmly to the same 
bedplate. 

Centrifugal pumps are _ usually 
driven by electric motors, although 
other reliable forms of prime mov- 
ers may be used. Preferably, speed- 
changing devices should be avoided, 
but when the speed of the prime 
mover and the pump is not the same, 
the transmission may be either by 
a single pair of cut spur gears or by 
a silent chain drive of approved con- 
struction. 

In.considering electric motor drive 
for a fire pump the question of the 
reliability of the electric service is 
of vital importance and should be 
very carefully considered. Without 
going into the details of the require- 
ments governing this feature, it may 
be said that they call for one or more 
independent sources of supply, with 
transmission lines from power or 
sub-station laid underground, or if 
overhead circuits, run with special 
reference to damage in case of fire. 
Transformers should be of adequate 
capacity and mounted on substantial 
supports outside, or located in a sep- 
arate, non-combustible, well-venti- 
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lated building or room, thoroughly 
cut off from other buildings or rooms 
and with access from the outside of 
the building. 

If direct-current motors are used 
they must be of the shunt or cumula- 
tive compound wound type. Alter- 
nating-current motors must be of 
the wound rotor type. In either case 
the voltage of the motors must not 
be more than 220 volts. 

The control equipment, which may 
be either manual or combined man- 
ual and automatic, depending on the 
conditions, must be specifically ap- 
proved for fire pump controlling pur- 
poses. In materials, details of con- 
struction, test and installation, ex- 
cept as modified or supplemented by 
the Fire Underwriters’ require- 
ments, all parts of the equipment 
must comply with the requirements 
of the National Electrical Code. 

When installing the manual type 
control equipment the Fire Under- 
writers’ regulations require, briefly, 
that the control panel be located 
close to and within sight of the mo- 
tor. If the pump room is used for 
no other purpose than housing the 
pump, motor and accessory appli- 
ances, the control panel must be 
placed therein. The control panel 
must be protected from injury by 
water escaping from the pump or 
connections, and unless exemption is 
granted by the local inspection de- 
partment, must be protected from 
mechanical injury by grill or lattice 
partitions so placed as to enclose 
completely the control panel and 
starter. If desired, the entire equip- 
ment of panel and starter may be 
completely enclosed in a substantial, 
ventilated sheet-iron or steel cabinet. 

The panel for the combined man- 
ual and automatic type of control 
must be located in the pump room 
unless special permission is given to 
do otherwise. A steel compression 
tank of capacity satisfactory to the 
inspection department having juris- 
diction is required as part of the 
equipment employing automatic con- 
trollers. 


GASOLINE ENGINE DRIVE 


Gasoline engines are frequently 
used to drive centrifugal fire pumps, 
although such equipments are not 
recommended by the Fire Under- 
writers for general installations, but 
rather as supplemental units or 
where other sources of power are 
scant or not available. Among other 
requirements, it is specified that gas- 
oline engines for this service must 
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be of the four-cycle type and espe- 
cially rugged and reliable. They 
must be provided with a self-start- 
ing arrangement supplied by a stor- 
age battery of ample capacity and 
also with means for starting by 
hand. The lubrication for main and 
crank bearings must be of the force- 
feed type, employing a hollow crank- 
shaft. There must be two separate 
systems of ignition, one of which 
must be of the magneto type, with 
two sets of spark plugs fitted to each 
cylinder. The engine must be di- 
rectly connected to the pump, with- 
out reduction gearing or belting. 
When displacement pumps are used 
requiring a lower speed, a helical 
gear or silent chain drive of ap- 
proved type may be employed. 

In the installation of gasoline-en- 
gine-driven centrifugal fire pumps, 
the regulations given above govern- 
ing the installation of the pump 
should be followed. Special atten- 
tion should also be paid to placing 
the entire unit so that the gasoline 
vapors escaping cannot accumulate 
in the pump room or vicinity and 
make possible explosive mixtures. 
The pump room must be thoroughly 
ventilated and if a separate pump 
house is not provided, the pump room 
should be wholly cut off by non-com- 
bustible construction of heavy char- 
acter. In addition, the main gaso- 
line tank should provide storage ca- 
pacity for thirty-six hours’ supply 
for the engine at rated load and be 
located outside of the pump room 
and in compliance with municipal 
ordinances and inspection depart- 
ment requirements. 

The gasoline must be fed to the 
carburetor preferably by either the 
gravity system or the pumping sys- 
tem. In the gravity system a small 
service tank, containing about a half- 
hour’s supply for the engine, feeds 
the carburetor under a head of two 
or three feet. A standard small hand 
pump of approved make must be pro- 
vided to keep the service tank prop- 
erly supplied. 

The pumping system involves a 
pump directly connected to the en- 
gine and drawing the gasoline from 
the underground storage tank. The 
pump discharges into a closed two- 
quart standpipe located two or three 
feet above the carburetor and flow- 
ing back to the underground tank, 
and should be capable of pumping 
the full amount of gasoline required 
by the engine, plus 50 per cent, and 
operate reliably under a suction lift 
of 10 ft. As a precaution, there 
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must also be provided a hand pump, 
piped to deliver into the same two- 
quart standpipe. 

All piping between gasoline serv- 
ice tank and the carburetor or gaso- 
line pump should be of copper with 
flanged fittings or of brass with 
soldered screw joints. The exhaust 
from the engine must be piped to a 
safe point outside the pump room. 
The breather from the crankcase 
must also be piped to the outside. 

.Epitor’s Note: Acknowledgment is 
mace to the following companies for 
assistance in furnishing information 
and photographs: Allis Chalmers Man- 
ufacturing Co., Milwaukee, Wis.; Buf- 
falo Steam Pump Co., Buffalo, N. Y.; 
Dayton-Dowd Co., Quincy, Ill.; De Laval 
Steam Turbine Co., Trenton, N. J.; 
The Goulds Manufacturing Co., Seneca 
Falls, N. Y.; Northern Fire Apparatus 
Co., Minneapolis, Minn.; Twinvolute 
Pump & Manufacturing Co., Inc., New- 
ark, N. J.; Worthington Pump and Ma- 
chinery Corporation, New York, N. Y.. 





Pulley Service and 
Long Life 


(Continued from page 578) 


hangers where a heavy pulley in the 
same location might spring the 
shafting. 

Although some steps have been 
taken toward standardization of pul- 
ley sizes and bores by both pulley 
manufacturers and some organiza- 
tions of users, there still remains 
considerable opportunity for further 
effort. For example, some pulley 
manufacturers increase the diameter 
by inches on standard stock pulleys 
up to 24 in. in diameter and then 
increase by 2 in. Others make and 
stock pulleys increasing in diameter 
by inches up to 48 in. This would 
require them to keep twice the num- 
ber of patterns and about twice the 
stock of finished pulleys—items of 
additional expense which of neces- 
sity must be reflected in the cost of 
the pulley. 

Moreover, a difference of one inch 
in diameter means only 31/7 in. dif- 
ference in circumference, which in 
ordinary cases would make but little 
difference in the larger diameter 
pulleys. If the conditions require a 
special diameter it could be obtained 
as a “special” and then, as it should, 
carry its own extra expense instead 
of distributing much of it over the 
other pulleys, which might be made 
cheaper if produced in larger quan-- 
tities. Pulley users can do much 
toward (Continued on page 606) 
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E OFTEN hear of 

work being classified 
as brain jobs and muscle 
jobs. It usually happens, 
too, that if more of one is 
required, less of the other 
is needed. It operates either way. The work of men 
responsible for maintenance, however, comes under 
both classifications. 

Simply because these men many times may have 
to use their hands and their arms does not mean that 
they do not use their heads. Men who usually do 
things easily and correctly the first time have found 
by experience, which they do not always reveal, that 
a little thinking ahead is better than the application 
of a lot of liniment to the sore spots. But how many 
times have you seen men tug and pull and even sweat 
over an apparently heavy brain job only to find that 
some little thing had been overlooked or some simple 
way had not been thought out beforehand? 


siaieiiiaabiiaaiaees 
EW men who are sell- 
ing the products made 
by a large works know 
much more about the fore- 
men who are responsible 
for the production of those 
products than that such individuals are a part of the 
manufacturing organization, and few foremen give lit- 
tle more thought to the salesmen than occasionally to 
observe that these individuals come and go through the 
main entrance to the offices. Although these conditions 
do prevail, the foreman is a salesman, and Norval A. 
Hawkins, the director of sales of the General Motors 
Corporation, dropped a pearl of wisdom recently when 
he said: 
“T believe the best salesman we have is the workman 
who takes pride in his task and who builds that pride 
into our products. The salesmen who meet the public 
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and get the orders are not nearly so important to the 
success of our business as the salesmen in overalls who 
really love their work of making General Motors prod- 
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ucts good products. As a sales manager, give me 100 
per cent salesmanship in the factory and my job in the 
field will be easy, for the best sales manager in the 
world cannot make a permanent success of marketing 
a product indifferently manufactured by employes who 
have no pride in their work.” 

In a letter which came to the editorial rooms of 
INDUSTRIAL ENGINEER not long ago, this comment was 
made by a subscriber: ‘INDUSTRIAL ENGINEER is great 
for a man in my work. I find it helpful even after 
thirty years’ experience on machinery upkeep. Do not 
understand that I have any big position. I wear over- 
alls and work with my hands, but am satisfied in ren- 
dering a service to society and employer that only 
years of experience can fit one for.” 

After all, the man who has given to American indus- 
try the position it holds in the affairs of nations today, 
is the man who injects a real interest in his job and 
goes about with a will to do and a pride in his work 
that shows in the product produced when the lustre of 
the finish has worn off. 


—— 


HE shortest days of 

the year are here again. 
With them come many 
cloudy days, so that, alto- 
gether, there is the maxi- 
mum demand for artificial 
light. Under these conditions the weak spots in the 
kind, installation or maintenance of the lighting system 
will be more apparent than at any other time. By the 
same token the possibilities of doing constructive work 
and making a real saving in the way of securing the 
maximum returns from the money spent for illumina- 
tion are also greatest. 

In too many instances hundreds or even thousands of 
dollars are spent in putting in a modern lighting sys- 
tem which is then allowed through neglect to fall far 
below its possible efficiency and usefulness. In the 
course of a few months or a year, the finest system 
can have its value reduced to & surprisingly low figure 
through failure to wash or clean the lamps and re- 
flectors thoroughly at frequent intervals and to replace 
promptly blackened or burned-out lamps or lamps of 
inadequate size. 

Probably one reason why lighting systems are often 
neglected is because the falling off in the efficiency is 
a slow, insidious process. Except in the case of burn- 
outs, the reduction in the amount of light given off is 
not sufficiently striking to be noticed from one day to 
the next, but it can easily be measured at the end of 
a few weeks or months, depending on conditions. 

Closely allied to the care of the lighting system is 
the importance of cleaning or repainting the walls and 
ceilings. As these become dirty or covered with dust, 
the reflecting power diminishes correspondingly and 
thus more or larger lighting units are required to pro- 
duce a given intensity of illumination. 

Cleaning or replacing lamps and painting walls and 
ceilings costs money, to be sure, but this is a good 
example of an instance where the best way to save 
money continuously is to spend some of it on mainte- 
nance work. 





How Often 
Do You Clean 
Your Lamps? 























December, 1922 





HE author of an article 
in a recent issue of IN- 
DUSTRIAL ENGINEER made 
this significant statement: 


Things Analyses 
of Motor Failures 


Will Show 





Granting that a certain 
number of motor failures 
are likely to occur, it is 

of interest to know where they are most likely to hap- 
pen and what proportion there is likely to be of each 
kind of failure. An analysis of these failures is of 
interest: First, to the motor inspector, so that he may 
know what parts to watch the closest; second, to the 
storekeeper, in order that he may keep an adequate 
supply of the parts most needed; third, to the electric 
repair shop, so that they may properly keep available 
facilities for the repair of motors on which failures 
occur most often; and fourth, to the electrical superin- 
tendent, in order that he may have a grasp of the 
number and variety of failures and may be able to 
compare the failures of one period with those of another. 

In every works where the best of attention is paid 
to the selection of motors best suited to the job, and 
the maximum of work is expected and placed upon 
them, failures will occur in time. Extreme abuse will 
show very quickly, but liberal service can be secured 
when due consideration is given to those commonplace 
things that are essential, such as ample lubrication, 
removal of dust and dirt and a little observation on 
starting for those distress signals that the ear of the 
trained maintenance man can detect. A good motor is 
as sturdy as any piece of equipment in any chain of 
production equipment, when properly cared for, and 
failures in its operation can usually be traced to indif- 
ference, inattention and abuse. Systematic analysis 
of motor failures will very often show what’s wrong 
somewhere else and pay good dividends on the cost of 


the investigation. 





—_—_~—_———_ 


O AN industrial engi- 

neer who frequently 
rides on the Twentieth Cen- 
tury Limited train in going 
between Chicago and New 
York, several object lessons 
can be drawn from the smoothness of its service and 
its ability to cover some 1,000 miles of track in 20 
hours of running time. First of all, there is an ab- 
sence of the creaking of coach structures, the rattling 
of rolling stock and the pounding of wheels over rail 
joints. Then there is that everlasting evidence of just 
going and going as small stations are passed and slower 
trains get out of the way to clear the track for this 
train that runs on a limited schedule and meets that 
schedule. 

In returning to an industrial plant after such an 
observation of railroad operation, an industrial engi- 
neer might with profit do a little observing there and 
ask these questions: Is the flow of raw material 
through its train of processes and machines continuous 
and not held up for a minor part of a previous order 
that has been delayed? As you stand and observe 





Are You Going 
Where You're 
Looking? 








operations, does the noise of machines from undue wear 
and lack of maintenance. attention detract from the 
particular observation that is being made? Do heavy 
materials, like the freights off schedule on small rail- 
roads, clog up the paths over which materials are 
forced to travel in the course of production? Is there 
evidence of inspection of vital parts where undue fric- 
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tion means a decided loss of the same kind as observed 
at stops of the limited train when an inspector can be 
seen feeling and looking for hot journal boxes? Is 
there a definite and regular plan of inspection, cleaning 
and overhauling of motors, generators and the like 
after a definite period of operation, for the same rea- 
sons that locomotives are changed every two or three 
hundred miles on the limited train? 

To a man responsible for the elimination of avoidable 
waste and the reduction of costs of operation to the 
lowest terms, who looks where he is going and goes 
where he is looking, these and other questions in the 
routine of plant operation are just as important as they 
are to the railroad that establishes a train schedule 
over 1,000 miles of track in 20 hours and then main- 
tains it. 

——— 

T THIS time of year 

many companies are es- 
timating and appropriating 
certain amounts for next 
year’s operation expenses. 
new buildings and equip- 
ment and for extensive alterations in equipment. One 
company last year spent around $200,000 in rebuilding 
equipment, revisions of the method of driving machines: 
and in rearrangements of the equipment. No doubt 
other companies will recommend appropriations for 
more extensive alterations for the coming year. 

Many men responsible for maintenance and opera- 
tions can see how an appropriation for this purpose: 
could be used advantageously in their plant. But it 
takes more than an expression by these industrial men 
of a desire to do it to get a board of directors to spend 
the money. Men are in business to make money, and 
spend money when they see that they can gain by it. 
Their reluctance is usually due to the fact that they are 
not convinced. 

One big industrial leader who is famous for making 
extensive improvements and alterations in his plants to 
gain economies in operation or improvements in quality 
of production once said that he always asks three ques- 
tions of anyone who suggests a change. The three 
questions asked are: ‘“What’s the plan?” “What re- 
sults will we get?” and “How much will it cost?” Un- 
less the suggestion can be backed up with facts and 
figures the change is not made. 

He has found that “I believe’ and “I guess” are 
hardly worth spending dollars on, although, if based 
on real facts, they often lead to investigations which 
establish facts not obtainable in any other way. When 
a man can tell, with no “ifs” or “ands,” just what he 
intends to do and the benefits which will accrue, an 
executive is interested. Otherwise it is only a “half- 
baked” idea. After the first two questions are an- 
swered convincingly the decision depends upon the cost; 
in other words, “Will it pay?” 

Any man in a responsible industrial position who can 
lay before the management facts in answer to these 
three questions on projects he initiates will get a hear- 
ing and while he may not put all his ideas across, he 
will be surprised at the attention and consideration he 
receives. And then, when an advancement is under 
consideration the man who can and has done this will 
be on the list. 





W hat’s the Plan? 
What's the Result? 
W hat’s the Cost? 
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Who Can Answer 
These? 


R L M Standard Dome Reflectors.—We 
would like to see published in INDUS- 
TRIAL ENGINEER an explanation of 
what is meant by the term “R LM 
Standard Dome Reflector” and how 
this name originated. 

Chicago, Ill. F. E. G. 


* * * * 


Protecting Fuse Blocks and Switches 
From Sulphur Fumes.—We have a 
well, the water from which is so 
strong of sulphur that the fumes ruin 
all fuse blocks and switches in a 
short time. Is there anything that 
can be done, other than tinning these, 
to remedy this trouble? 
Columbus, Ohio. 


Cc. S. B. 


Size of Banding Wire for Motors.— 
When using banding wire what size 
and tension is considered good prac- 
tice for motor armatures from 3 to 
50 hp. and from 50 to 100 hp. with 
speeds as high as 1800 r.p.m.? Give 
the size and tension suitable for both 
bronze and steel wire with the size 
in B & S gauge. 
Albert, W. Va. 


* * * * 


Changing Two-Phase Starter for Three- 
Phase Operation.—In the August issue 
A. C. Roe gave a sketch illustrating 
how a two-phase starter can be con- 
nected for three-phase operation. 
May I ask Mr. Roe if this is not a 
wiring sketch of a Westinghouse 
compensator? Will changing of ex- 
ternal connections only, hold good on 
other makes of compensators? 
Intercourse, Pa. M. A. D. 


* * * * 


Bookkeeping System for Electrical Re- 
pair Work.—I would like to see pub- 
lished in INDUSTRIAL ENGINEER a 
bookkeeping method that includes 
stockkeeping forms for repairing and 
rewinding work in an electrical re- 
pair shop. I would like to see sug- 
gestions that have been found satis- 
factory covering report forms and 
summary sheets that would make it 
possible to keep a full record of ma- 
terial, labor required and _ special 
work done on each particular job 
and a convenient way of showing the 
costs. 

Cedar Rapids, Ia. 


F. H. 





WwW. ED. 


i Questions Asked 
and Answered 
by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
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question that you 
can answer from your 
experience. 





Stairway Wiring for Four-Story Build- 
ing.—I would like to see a wiring 
diagram published in INDUSTRIAL EN- 
GINEER for the stairway in a four- 
story building. The lighting require- 
ments are as follows: There should 
be only one light on each floor con- 
trolled by a switch on that floor. 
There must also be provided in addi- 
tion to the switches on the second, 
third and fourth floors, switches so 
connected with those on the first floor 
that the first and second floor lights 
may be controlled from the first and 
second floors, and also so that the 
first, second and third floor lights 
may be controlled from the first and 
third floors. In like manner all four 
lights must be controlled from the 
first and fourth floors. 


Worcester, Mass. ma, 2 Os 





Answers Received 
To Questions Asked 


Connections for Motor Brushes.—The 
writer would like to know what has 
been found best practice in fastening 
the flexible wire (pig tail) on carbon 
brushes for motors. I would like to 
see a sketch and an explanation of 
just how the wire is fastened to the 
brush. 

Racine, Wis. fe Ce: Oe 

In answer to T. G. L. on connec- 
tion for motor brushes, the method 
we use is shown in the accompany- 
ing diagram. We drill a hole in the 
carbon at an angle of about 45 de- 
grees at the top corner of the brush. 

This hole is made about one-third 

larger than the pig tail used. Then 

a piece of copper wire is tapered as 

a plug and driven into the hole so 





Pig tail attached to carbon brush 
vith copper plug. 








as to wedge the pig tail against the 
sides of the hole in the brush. This 
method has been used for some time 
and none of the brushes has given 
any trouble. ‘ 


Chief Electrician, E. J. Forp. 


Walworth Mfg. Co., 
Kewanee, III. 
* * * * 

Testing Motor Field Coils—Is it good 
practice to apply voltage across the 
shunt fields of a motor for several 
hours to test for heating? I am hav- 
ing trouble with the blowing of the 
main fuse on my generator, although 
the machine is not overloaded. Can 
you tell what causes this trouble? 
New Orleans, La. AS 
In the November issue I noticed 

a number of answers to the ques- 

tions by A. C. H. regarding the test- 

ing of motor field coils. All of the 
correspondents seem to approve of 
applying the full rated voltage to the 
motor field coils while the armature 
is at rest or removed from the ma- 
chine, for the purpose of determin- 
ing the témperature to which the 
field winding will rise under operat- 
ing conditions. I do not approve of 
such a test for two reasons. First, 
there is no justification for assum- 
ing that the temperature rise of the 
field coils as obtained in this test is 
an approximate indication of what it 
will be with the armature running 
at full load. While it is true that 
the heat developed by the armature 
when running fully loaded will tend 
to increase the temperature rise of 
the field coils, it is also a fact that 
the fan effect of the rotating arma- 
ture is relied upon to keep the tem- 
perature of the field coils down 
within safe limits. Second, it has 
been my experience that motors 
whose field coils are left on the line 
for hours while the armature is at 
rest invariably develop trouble from 
roasted insulation after a short 
time, unless the design of the motor 
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is quite liberal. There are a num- 
ber of industrial conditions where 
it is desirable to keep the field coils 
of motors excited while the arma- 
ture is at rest. One case in point 
is motors applied to elevator drives. 
In such cases it is customary to re- 
duce the voltage applied during the 
rest period; the reduction often 
amounting to 50 per cent. In my 
opinion it is not safe in general to 
apply more than 65 per cent of rated 
voltage through the field coils of a 
motor when the armature is at rest. 
Henry H. METZENHEIM. 


Newark Technical School, 
Newark, N. J. 
* * * "ay 
Connections for Ampere-Hour Meter.— 
I have an ampere-hour meter marked 
Woods Electric and am unable to 
find out how it is to be placed in 
either a charging or discharging cir- 
cuit. There are three leads coming 
off the meter. Two of the leads are 
double. In one of them one wire has 
a red and the other a blue-colored 
insulation. The other double lead 
contains one yellow and one green 
insulated wire. The third lead is a 
single black wire. I should like to 
know if there is someone who has 
had experience with this instrument 
or-can give me a diagram as to how 
it should be connected. 
Cleveland, Ohio. RE: P. 


In the November, 1922, issue, page 
542, R. E. P. requested information 
on the connections of an ampere- 
hour meter marked “Woods Elec- 
tric.” This instrument consists of 
the meter itself and a distant dial 
mechanism. The accompanying dia- 
gram gives the complete connections. 
It shows the internal wiring of the 
distant dial, the meter and the 
proper connections between the dis- 





Connections between dial and meter 
of Woods Electric ampere-hour me- 
ter. 
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tant dial proper and the meter itself. 

The diagram also gives the external 

connections. C. R. HONELL. 
Sangamo Electric Co., 

Springfield, Ill. 
* * * * 

Tracing Connections of Motor Winding 
—wWill someone explain how the con- 
nections of a small motor armature 
can be traced out when an insulating 
compound is used that completely 
covers up the leads and connections 
at the ends of the armature? 
Brooklyn, N. Y. | ld 
In reply to the question on page 

494 of the October issue by I. T. of 

Brooklyn, N. Y. on tracing connec- 

tions of a motor winding when an 

insulating compound is used enclos- 
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Testing circuit for locating leads te 
the commutator. 
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ing the leads and connections, I would 
like to give the following practice 
that I have found satisfactory. 

I make use of a bell and bat- 
tery testing set such as shown in 
the accompanying illustration with 
strong needles soldered to the ends 
of the leads so as to be able to pene- 
trate through the compound at the 
side nearest the commutator. These 
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needles will pierce the insulation and 
form a circuit from the commutator 
if the winding is in good shape. One 
needle is placed on the commutator 
segment and the other pierced 
through the compound or insulation 
at the point nearest the commutator. 

This will locate the position of the 

lead returning to the segment at the 

other side of the lap winding. 
New York City. DONALD L. HOARE. 
* * * * 

Making Equipotential Connections—In 
the book by D. H. Braymer on Arma- 
ture Winding and Motor Repair, page 
22, the statement is made, “With lap 
windings, one ring for every 6 to 12 
segments is common practice, but this 
is scarcely feasible when the number 
of pairs of field magnet poles is 
greater than the number of sections 
of armature winding in parallel, for 
here the potential pitch may be fairly 
large and the number of rings be- 
comes prohibitive.” In the case of a 
large generator having 200 or more 
segments we would have a very large 
number of rings and they would form 
a bulky mass. I would like to see 
an explanation of how to make these 
equipotential connections for a par- 
ticular case, showing how the taps 


are made. 
Brooklyn, N. Y. E.: 3. 


The purpose of these equalizer or 
cross connections is to connect to- 
gether points on the armature that 
are of equal potential or that are 
exactly two pole pitches apart. This 
can be done by connecting all bars 
together, that are 180 mechanical 
degrees apart on a four-pole ma- 
chine, 120 deg. on a six, 90 deg. on 
an eight, 72 deg. on a ten pole, 60 
deg. on a twelve, etc., or the pitch 
on the commutator would be total 
number of bars divided by half the 
number of poles. That is, for a six- 
pole motor having 180 bars, the com- 
mutator pitch equals (180 divided 
by three equals 60) or 1 and 61. 
With all points connected together, 
the machine would be completely 
equalized. These connections are 
usually behind the commutator in 
the form of a two-layer diamond 
shape open end coil. 

The least number of connections 
would be one ring for each pair of 
poles and one tap from the winding 
two pole pitches apart. That is, on 
a 14-pole motor there would be seven 
rings with seven taps to each ring 
or 49 taps in all, or ring number one 
would have taps spaced the number 
of bars divided by seven, apart. Or 
take an armature having 245 bars; 
then 245~7 equals 35 or ring one 
would connect to bars 1-36-71-106- 
141-176-211. Then adding the pitch 
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35 to 211, we get 246 or bar No. 1, 
which proves that the taps are equi- 
distant. Now ring number two 
would have seven taps also, the first 
tap being 245—49 equals 5 bars from 
tap number one, or bar six (the 49 
is the total number of taps). Ring 
number two would connect to bars 
6-41-76-111-146-181-216; ring three 
would start at bar 11, ring four at 
16, 5 at 21, 6 at 26 and 7 at 31. 

Now if the total number of bars 
was not divisible by 49 without a 
remainder, any number of rings 
greater than the poles divided by 
two could be used that would satisfy 
the following formula: Number of 
bars divided by (pairs of poles times 
rings) or No. rings—=(No. bars) 
(PR), where P=No. poles—2. 

For an example, assume a six-pole 
machine with 24 bars; the least 
number of rings would be three, 
with three taps, but nine taps into 
24 will not go. By adding one ring 
or four in all, then three taps per 
ring and four rings equals 12 taps 
and 24-12 equals 2 or the pitch of 
taps equals 1 and 3; pitch of taps per 
ring equals 24—3 equals 8 or 1 and 9. 

It is usual practice to use approxi- 
mately 30 per cent of the total cross 
connections required for complete 
equalization and make the area of 
the connections about 50 per cent of 
the armature coil cross-section. 

In using this last method a num- 
ber of connections must be used that 
will give an even spacing of the taps 
al] round. 


Detroit, Mich. A. C. ROE. 





Commutator with 42 eross connec- 
tions for an S-pole motor with tap 
pitch 1 and 4, or 3 bars. 
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Device for Testing Windings of Small 
Motors—Will someone be good enough 
to describe a small testing trans- 
former or similar device such as de- 
scribed on page 45 of the January 
issue of INDUSTRIAL ENGINEER, that can 


be used for testing the windings of 
fractional horsepower motors for 
short-circuits, grounds, open circuits, 
and the like? 
Nanty-Glo, Pa. Ss. J. 8. 
In the October number of INDUS- 
TRIAL ENGINEER, D. F. O’Donnell 
described a tester for small d. ec. 
armatures and a. c. windings. This 
tester, as he states, is for small 
work, and on large armatures the 
variation in intensity in the tele- 
phone receiver is not enough to in- 
dicate partial short-circuits with any 
degree of certainty. We have used 
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Connections for buzzer, telephone 
receiver and a telephone induction 
coil in testing out motor windings. 





the device shown above with good 
results, for some time past. 

The telephone induction coil is 
used as an intensifier, with the high 
tension winding connected directly 
across the receiver. With this con- 
nection a partial short-circuit in a 
large armature can be located with 
absolute certainty. The best results 
are obtained by using a wireless test 
buzzer. In this particular buzzer the 
vibrations are considerably greater 
than in the common buzzer, giving 
out a high-pitched evenly maintained 
note. 


Chief Engineer, G. R. THATCHER. 
St. Louis Coke & Chemical Co., 
Granite City, Ill. 
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Small Motor Windings—I have a three- 
phase, 110-volt, 60-cycle Robbins & 
Myers fan that is self-starting but has 
no centrifugal switch. I have been 
told that it receives its necessary 
starting torque through a small com- 
pensator or choke coil. I also have a 
110-volt, 60-cycle Westinghouse fan 
motor with a regular split-phase 
winding without a centrifugal switch 
but with a reactance coil. Will some- 
one kindly explain the action of these 
motor windings, and how the revolvy- 
ing field action in starting is caused, 
why one is wound three-phase and 
one split-phase and still both use a 
compensator? 

Brooklyn, N. Y. 1. 2. 

Single-phase motors have no start- 
ing torque. For starting torque it is 
necessary to have space displacement 
and time displacement of flux. The 
three-phase winding used in the Rob- 
bins & Myers fan is for the purpose 
of giving this motor starting torque. 
The winding of the motor is con- 
nected in the form of a Y. One leg 
of the Y has 3 coils wound with 
German silver wire. Between this 
leg and the second leg an inductance 
coil is connected. The line leads are 
connected to the first and third legs 
of the Y. 

The current enters the motor from 
the third leg. At the center of the 
Y it divides, the current in the Ger- 
man silver coils leading the line cur- 
rent and the current in the leg with 
inductance in series lagging the main 
current. The lag in the flux pro- 
duced by the current in the second 
phase behind the flux in the first 
phase, with the space displacement 
of the coils, produce a time and 
space displacement of torque, with 
consequent rotation. 

The Westinghouse type of fan has 
a regular split-phase field winding. 
In the base is an auto or current 
transformer. The same current that 
goes through the main winding goes 
through part of the transformer. 
The current in the transformer pro- 
duces a flux in phase with it. The 
part of the transformer that is con- 
nected to the start winding has a 
voltage produced in it which is 90 
degrees from the current in the main 
winding on open circuit. When the 
start winding, with its part of the 
transformer, is connected together, 
the voltage is not exactly 90 degrees. 
Again, due to the location of the main 
and start winding in the field, there 
is space distribution of the flux. 
This, with the time distribution of 
flux, produces torque. 

Engineer, H. B. STONE. 


The Robbins & Myers Co., 
Springfield, Ohio. 
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For this section ideas and practical methods devised to 
meet particular operating conditions are invited from 


The items may refer to inspection, overhauling, 
testing or special installations. 






































Pipe Framework for Supporting 
Grid-Resistor Boxes 


OR SUPPORTING grid-resistor 

boxes commonly used for motor 
control, the pipe framework con- 
struction shown in the accompanying 
illustration has been adopted as 
standard by one large industrial 
concern. Such a support is used on 
any installation where twelve or 
more boxes of resistance are re- 
quired. This arrangement allows 
good ventilation around the boxes 





Grid-resistor boxes supported in 
this frame are well ventilated and 
ean be easily removed. 
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and facilitates the removal of one 
or more frames for repairs without 
disturbing the whole bank, as is 
often necessary when the boxes are 
stacked one on the other. The sup- 
ports can be built for one or two 
boxes deep, seven or eight high, and 
as many sections long as needed. 
The sections are of 114-in. pipe and 
consist of front and back uprights 
to which angle-iron ledges are 
clamped by U-bolts for holding the 
resistor boxes. The framework is 
braced to the wall by horizontal 
pipes at the top. 

The control panel, as shown, is 
located directly in front of the re- 
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sistance supports for ease in wiring, 
and for mounting bracing supports. 
A horizontal pipe across the back of 
the panel is clamped to the vertical 
panel pipes and a few horizontal 
braces are installed between this 
horizontal pipe and the uprights of 
the grid supports. C. H. M. 


Cleveland, Ohio. 





How to Prevent Creeping of 
Pulley on a Motor Shaft 


PRACTICAL way of stopping 

creepage of a motor pulley was 
recently employed in a local factory. 
The electric motor is used for driv- 
ing a small cupola blower by belt 
transmission. The driving pulley on 
the motor shaft is fastened with a 
single set screw, as shown in the 
illustration. When running, this 
pulley would persist in creeping 
along the shaft toward the motor 
bearing, thus moving out of align- 
ment with the driven pulley on the 
blower shaft. The single set screw 
did not give a sufficient clamping 
effect to prevent this. As often as 
the pulley was restored to its proper 
place and the set screw drawn tight, 
the creeping would recur the next 
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A burr was chiseled around the 
shaft to stop creeping of pulley. 
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Compensator 


time the machine was put in service. 
The engineer solved the difficulty 
by raising a slight burr around the 
shaft coincident with the inner end 
of the pulley’s hub. With the pulley 
in position, he first scribed a line 
around the shaft at the end of the 
hub. He then removed the pulley 
and with a sharp chisel held vertical- 
ly against the shaft, went completely 
around the scribed circle, cutting 
into the shaft to a depth of about 
1/16in. Since this was done the pul- 
ley has not shown any tendency to 
creep. A. J. DIXON. 


St. Louis, Mo. 





Squirrel-Cage Motor Used for 
Regenerative Braking on 
Elevator 


EGENERATIVE braking was 
recently used on an elevator 
which is occasionally reversed and 
employed for lowering materials in- 
stead of raising them. The custom- 
ary worm gear drive is self-locking 
and would thus make it necessary 
for the motor to drive the load 
down. In addition, a comparatively 
large motor would be required, due 
to the inefficiency of the worm gear. 
A squirrel-cage motor, a little 
more than half the size of that re- 
quired with the worm-gear drive, 
was connected to the head shaft with 
a cut, spur-gear drive. To avoid 
accidents a solenoid brake was 
shunted across one phase ahead of 
the motor and so controlled that it 
released when the current was on 
but set when the current failed. 
This brake was hung from the mo- 
tor frame and acted on a brake 
wheel on the motor shaft. As the 


starting compensator for a squirrel- 


This is the way a squirrel-cage 
motor was connected for regener- 
ative braking on an elevator. 





cage motor breaks the circuit for an 
instant when being shifted from 
“starting” to “running” position, 
and would thus allow the brake to 
set and prevent the motor from com- 
ing up to speed, auxiliary contacts 
(A-A in the diagram) were added 
to the compensator. These send 
current to the brake releasing it just 
as soon as the compensator handle 
is moved to the starting position, 
and keep the contact during the shift 
from “start” to “run.” 

As reversal of this motor was in- 
frequent, it was not necessary to use 
a slip-ring motor with reversing 
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drum control, but a double-pole re- 
versing switch was inserted in the 
primary circuit ahead of the com- 
pensator. The speed of the squirrel- 
cage motor when hoisting was about 
7 per cent under synchronous, but 
when lowering it rose to about 5 per 
cent above. This drive operated 
satisfactorily as well as economically. 
The smaller motor required less cur- 
rent to operate it, in part of the 
cycle current was even returned to 
the line, and the expensive worm- 
gear drive with its unsatisfactory 
operating characteristics was elim- 
inated. H. T. NAFZIGER. 
Chicago, Ill. 


Record Blank Which Is Useful in 
Illumination Surveys 

N MAKING an illumination sur- 

vey for determining the light in- 
tensity on the working plane of 
various machines, the accompanying 
form is used by the Southwestern 
Shipbuilding Company of Los An- 
geles for each of its buildings. Be- 
sides providing a space for record- 
ing the actual foot-candles on the 
working plane of each machine, a 
space is left for inserting the 
intensity which is recommended in 
each case. 

The upper part of the sheet con- 
tains data relative to the size of each 
building, number of bays, type of 
lighting, size, spacing and height of 








Here is a good way of recording the 
results of a lighting survey. 
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lamps, and so on. Forms of this type 
materially aid in maintaining proper 
illumination with resulting increase 
of production and better working 
conditions. G. E. A. 


San Francisco, Cal, 





Overcoming Difficulties 
in Installing Individual Drives 
on Special Machines 


ONVERSION from steam pow- 

er to electric drive, involving a 
large number of small machines, has 
been successfully made at the shoe 
last factory of Krentler Bros. of St. 
Louis, Mo. This company is engaged 
in the shaping of rough maple blocks 
into finished lasts for shoe factories. 
The chief operation of this factory 
is the shaping of the blocks and the 
polishing and finishing necessary to 
obtain the finished product. 

Heretofore the machinery in this 
factory was driven by a steam en- 
gine, and coal and the accumulated 
sawdust were used for fuel. With 
the steam engine drive it was neces- 
sary to arrange the 36 shaping lathes 
in long parallel lines and to operate 
all of the power apparatus regardless 
of the number of lathes required. 
The electric installation has made 
possible individual drive and a re- 
arrangement of the lathes in smail 
groups, so that one man can now 
operate more machines, with a con- 
sequent reduction in labor cost. 

As the lathe heads must revolve 
at the high speed of approximately 
7,200 r.p.m., it was necessary to make 
special provision for this require- 
ment. Suggestions were made for a 
back-geared motor, but this was not 
considered satisfactory. Another 
method which has been used in other 
last factories and in automobile body 

“factories is the operation of 3,600 
r.p.m. motors direct connected to the 
cutter heads and supplied with cur- 
rent from a frequency changer set so 
that 120-cycle current would operate 
60-cycle motors at approximately 
double speed. This method would 
give the minimum of vibration with 
consequent finer cut but would make 
the factory dependent upon the con- 
tinuous operation of the frequency 
changer set, and for this particular 
conversion would have necessitated 
a large expenditure, as all of the 
lathes would have had to be rebuilt. 
After some study it was determined 
to use 3,600 r.p.m. motors with belt 
connection to the cutter heads, as 
this method under trial showed a 

satisfactory cut, gave a drive that 
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How the buffing and _ polishing 
wheels were arranged when each 
was put on individual motor drive. 
The individual drive allows’ the 
wheels to be staggered and arranged 
so as to be more convenient of ac- 
cess. In each case the safety-start- 
ing switch is placed so as to be 
easily accessible to the operator 
when in the operating position, and 





could quickly be installed and made 
conversion possible at a compara- 
tively low cost. Each lathe has a 
2-hp., 3-phase, 3,600-r.p.m. motor 
mounted on the movable carriage 
which travels along the wooden block 
as it is cut to shape. There is also 
a 14-hp., 3-phase, 1,800-r.p.m. motor 
which drives the feed to the tool 
along the block. These are shown 
in the accompanying illustration. 

Other motors in the factory in- 
clude the individual drive for the 
buffing and polishing wheels shown 
in the accompanying picture, small 
group motors in the assembly depart- 
ment and a 50-hp. motor operating 
the fan for collecting sawdust. 

The wood refuse, which was for- 
merly used for steam production, can 
now be sold at a good price, because 
it is all one kind of wood. 

The factory has now been operated 
on electric power for over a year 
with excellent results. Additional 
units will be put in service and more 
electric equipment added from time 
to time. The production has aver- 
aged 1,410 pairs of lasts per 1,000 
kw.-hr. The factory has a total of 
243 hp. installed and operates 50 
hours a week. Ten months’ power 
consumption is as follows: 


Month Kw.-hr. Month Kw.-hr. 
May, 1921...... Hs 240 Oct., 4958). reo 


FUNG tsiccise .240 NO. oes .619 
POE nie T2820? 57 DOCl se 11 980 
August ....... 12,440 Jan., 1922... 12.280 
BORE, scnicnrcnceses 12,660 2 a ete a 5,44 
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Operating the shoe last lathe at 
double the motor speed. 


Preliminary plans were laid for di- 
rect connecting each motor to the 
lathe, but the difficulty of getting 
motors to operate at 7,200 r.p.m. in- 
terfered. Finally 3,600 r.p.m. motors 
were connected by belt and mounted 
on a movable carriage which travels 
along the block as it is cut to shape. 





During this period the power used 
averaged 53 kw.hr. per month per hp. 
installed. JAMES W. CARPENTER. 


General Engineering and Management Corp. 
New York City. 
——.>————_ 


Two Comments on 
“Ventilation in Industrial 
Works” in August Issue 


N THE August issue of INDUS- 

TRIAL ENGINEER F. E. Gooding 
has written a very interesting 
article entitled “Ventilation in In- 
dustrial Works.” However, the table 
of ventilator capacities on page 371 
has struck me as most remarkable. 
For instance, the rating of a 24-in. 
ventilator gives a capacity of 156,000 
cu. ft. of air per minute due to the 
syphoning effect of an 8-m.p.h. wind. 
A 24-in. pipe has an area of 3.1416 
sq. ft. and to remove 156,000 cu. ft. 
of air per minute the velocity would 
be 156,000 divided by 3.1416, or 
49,500 ft. (over 9 miles) per minute. 

This article further states that 
such ventilators are used on hoods 
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for removing gases, steam and heat 
from cyanide case-hardening fur- 
naces. A hood for removing fumes 
of a poisonous nature should have a 
positive method of ventilation, as the 
worst conditions often exist on damp 
days when there is no appreciable 
wind velocity. However, with a 24- 
in. ventilator 1,100 cu. ft. of air 
would be removed with a 5-m.p.h. 
breeze. With the outlet pipe of the 
hood made 1/16 of the area of the 
hood mouth, as given, the hood area 
would be 3.141616 or 50.5 sq. ft. 
The velocity at the hood would be 
1,100-—50.5 or. 21.8 ft. per minute. 

Furthermore, the velocity at the 
mouth of the hood should be 100 to 
200 ft. per min., according to the 
article, which is ordinary practice. 
The roof type ventilator would be 
entirely inadequate as the volume of 
gases required to be removed at the 
velocity of 100 to 200 ft. per min. 
should, through 50.5 sq. ft. of hood 
area, be 5,050 to 10,100 cu. ft. per 
min. with an equivalent velocity, 
through a 24-in. pipe, of between 
1,600 and 3,200 ft. per min. This 
would require a positive action ex- 
haust fan. ARTHUR A. WOTIER. 
Electrical Engineer, 

Winchester Repeating Arms Co., 
New Haven, Conn. 

[EpiTor’s NOTE.—The error in the 
table to which Mr. Wotier refers was 
corrected on page 485 of the October 
issue. The columns reading “Cu. ft. 
per min.” should have read “Cu. ft. 
per hr.,” so that Mr. Wotier’s com- 
ments were in order before the cor- 
rection was made. ] 

peace taka 


Structural Steel Shapes Used as 
Crane Runway Conductors 


UNWAY conductors present a 
maintenance problem in the 
large shop or mill where traveling 
cranes are operated. The usual 
practice has been to use hard-drawn 
copper wire resting on insulated 
spools and held under tension by 
strain insulators at the ends. This 
practice has been superseded in some 
recent installations by structural 
steel shapes held rigidly in position 
by means of insulating supports. 
The principal disadvantages of the 
copper wire conductor are the in- 
sufficient area of contact with the 
collectors on the crane and the con- 
tinual increasing of the sag due to 
stretching of the wire. Copper wire 
conductors must, therefore, be con- 
stantly watched and the sag taken 
up at frequent intervals. The use 


of steel conductors avoids these diffi- 
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culties and results in a more sub- 
stantial and workmanlike job. With 
the proper type of collector shoes on 
the crane, ample contact area is 
readily. obtainable with standard, 
commercial equipment. 

In computing the current require- 
ments for the purpose of determin- 
ing the size of feeders, collectors 
and runway conductors, it has been 
found that an overhead traveling 
bridge crane will seldom require, 
during ordinary operation, more 
than 150 per cent of the current re- 
quired for full-load hoisting. This 
is a safe figure to use in pre-deter- 
mining the maximum demand re- 
quirement of the crane. 

The size of the runway conductor 
has, as a rule, been arbitrarily de- 
cided with no definite rule or reason 
therefor. This has resulted in a 
lack of uniformity and we sometimes 
find the smaller cranes equipped with 
conductors of greater capacity than 
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those used for cranes which are 
several times as large. 


The accompanying tables, covering 
the maximum current-carrying ca- 
pacity of copper wire and structural 
steel shapes, are offered as a stand- 
ard for crane service. It will be 
noted, in the case of all of the con- 
ductors, that the heat radiating 
surface as well as the cross-section 
area is a factor in the determination. 
The current density per unit of 
cross-section decreases with the 
heavier steel shapes and larger cop- 
per wires. To obtain satisfactory 
operation with the steel conductors 
they must be carefully lined up flush 
at the joints and securely held in 
alignment by means of rigid fish- 
plates bolted to the back of the steel 
shape. Standard copper rail-bonds 
should be used at each joint and in- 
sulating supports provided every 10 


feet. WILLIAM SHERIFF JONES. 
Washington, D. C. 








Current Carrying Capacity of Structural Steel Shapes Used 
for Crane Runway Conductors (Intermittent Service) 

















Size |Weight Per Foot,| Cross Section Maximum Current, 

Shape In. Pounds Area, Sq. In. Amp. 
Channel 4 7.25 2.13 425. 
i + 6.25 1.84 400. 
“a 4 5.25 1.55 375. 
sid 5 6. 1.76 350. 
as fa 5. 1.47 325. 
Re . 4, 1.19 300. 
Angle 4x4 19.9 5.84 875. 
| ‘i . 14.3 4.18 725. 
ef 123 301 650. 
- - 8.2 2.40 525. 
as ee 6.6 1.94 475, 
= 3x3 11.5 3.36 500. 
si - 9.4 2.75 475. 
| x E fee 2.11 425: 
i ™ 6.1 1.78 400. 
| rr i 4.9 1.44 350. 
| ee 2x2 5.3 1.56 300. 
| a 5s 3.92 1.15 250. 
si cas 1.65 .48 125. 
- 1144x1% 3.35 .98 200. 
ee wa 2.34 .69 150. 
FP a ze 4 .36 100. 
Tee 4x4 13.5 3.97 700. 
3 me 10.5 3.09 625. 
oF 3x3 9.9 2.91 500. 
oi = 8.9 2.59 450. 
‘ec “ 7.8 te 425. 
“ “e 6.7 1.95 400. 
- 2x2 4.3 1.26 250. 
. = 3.56 1.05 225. 














| Current Carrying Capacity of Hard-Drawn Copper Trolley 
onductors (Intermittent Service) 

















B&S | Diameter, Cross-Section |Maximum Permissible 
Gage In. Area, Sq. In. Current, Amp. 

0000 0.46 0.1662 500 
000 0.41 0.132 425 
00 0.365 0.1046 375 
0 0.325 0.083 325 
1 0.389 0.066 300 
2 0.258 0.052 275 
4 0.204 0.033 200 
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cuts or improved methods. 





In the Repair Shop 





This section is devoted to all sorts of electrical repair work, large and small. 
Special attention is given to tools found convenient at the shop bench and short 
Articles on these subjects are always welcome. 



































Chuck for Winding Coils 
in Small Speed Lathe 


N ORDER that coils of all sizes 

and shapes taken from a burned- 
out motor winding can be accurately 
duplicated, the winding plates shown 
in the accompanying illustration 
have been devised in the repair shop 
of the Piedmont Electric Company, 
Asheville, N. C. 

This winding chuck is made up of 
two iron plates 3/16 in. thick and 
12 in. in diameter. To the center of 
the back plate is bolted a hub with 
a l-in. hole threaded for mounting 
on the spindle of a small speed 
lathe. The front plate is a duplicate 
of the back plate and is held to the 
latter by the bolts that are used to 
provide a frame on which the new 
coil is to be wound. In drilling the 
holes in these plates they were se- 
curely clamped together and the 
front plate was drilled with a 7/32- 
in. drill. After passing through the 
front plate the location of the hole 
was only spotted on the back plate. 
The front plate was then removed 
and the back plate drilled as an ex- 
act duplicate according to the spots, 
with a 5/382-in. drill. These holes 
were then tapped with a No. 10 tap 
with twenty-four threads per inch. 
This made it possible to screw ordi- 





Convenient chuck arrangement by 
which old armature coils can be du- 
plicated in a variety of sizes on a 
small speed lathe. 


nary stove bolts in the back plate to 
make up the form for winding a 
new coil. Since many coils are usu- 
ally wound on the same form, it was 
found advisable to use threaded bolts 
in the back plate, as these bolts sup- 
port the front plate, which must be 
removed on the completion of each 
coil, and also to make a rigid form 
for winding the coil. Six stove bolts 
114 in. long, with sleeves made from 
1%-in. pipe, are used at the points of 
an old coil in making up the form 
for winding new ones. Thumb nuts 
on these bolts make it easy to clamp 
on the front plate. As shown in the 
accompanying illustration, the edges 
of the plates are curved outward to 
prevent cutting the insulation of the 
wire when winding the coil. 

For counting the numbers of turns 
of an old coil used in laying out the 
form for a new one, the back disk is 
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provided with a stud that operates a 
small revolution counter mounted on 
the head of the lathe. This device 
has been found convenient for wind- 
ing field coils as well as armature 
coils of direct-current and alternat- 
ing-current motors. 
Asheville, N, C. 


J. M. B. 





Emergency Repair of 
Broken Jackshaft 


QUICK job of repairing a jack- 

shaft was done not long ago in 
a plant which is located some dis- 
tance from a supply dealer. In this 
plant a medium-speed engine is used 
for driving a generator by belt con- 
nection through a jackshaft. The 
jackshaft is 4 3/16 in. in diameter 
and 15 ft. long. It runs in three 
bearings—one at each end and one 
in the middle. The bearings are 
mounted on trusses which rest on 
concrete foundation piers the tops 
of which are flush with the engine- 
room floor. 

Early one morning the jackshaft 
broke in two inside the middle bear- 
ing. A new shaft could not be se- 
cured in less than a week. As the 
generator could not be spared so 
long an interval it devolved upon the 
engineer to improvise some way to 
keep the machine running. 

A piece of 8-in. extra-heavy steel 
pipe about 4 ft. long was chucked in 
a lathe and each end was bored out 
for a distance of about 1 in. The 
cut of the boring tool was just deep 
enough to remove the rough surface. 
The outer periphery in the middle 
of the length of the pipe also was 
turned off and filed smooth for a 
distance a little greater than the 
length of the middle bearing. Two 
1%-in. holes were then drilled in 
the wall of the pipe about 3 in. from 
each end and in line with each other. 
Between them, and in the same 
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alignment, a row of four 1-in. holes 
were drilled equi-distant. Two col- 
lars were made out of cast-iron 
washers about 1 in. thick. These 
were bored out to an easy fit on the 
shaft and were turned off inside to 
a driving fit in the bored ends of the 
pipe. 

While these preparations were in 
progress, three l-in. holes, spaced 
about 6 in. apart, were being drilled 
vertically through the shaft on each 
side of the break. A steel stud about 
7144 in. long was driven solidly into 
each hole. Then the middle bearing 
and its supporting truss were re- 
moved and the collars and pipe were 
slipped over the broken ends of the 
shaft, with the holes in the wall of 
the pipe on the top. The collars 
were then driven into the ends of 
the pipe and the shaft was blocked 
up to perfect alignment, horizontally 
and vertically. By means of a small 
portable forge, the pipe was now 
heated almost to redness and a good 
quality of hard babbitt metal was 
poured in through the 1%-in. holes 
near its ends. The %-in. holes in 
the upper side of the pipe afforded 
ample ventage, so that the metal ran 
perfectly and filled the space inside 
the pipe completely. 

It now remained to rig up a bear- 
ing for the improvised shaft coupling 
to run in. For this purpose a block 
24 in. long was sawed off the end of 
a 10-in. by 10-in. oak beam, and a 
semicircular channel was gouged out 
of one face to a radius of about 5 in. 
The block was then bolted to the 
truss beneath the coupling. Two 
sheet-iron plates were fitted to the 
contour of the coupling and were 
fastened to the sides of the block 
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Babbit metal filling . 






Collar ; 












studs through shaft 





A sleeve of extra-heayy steel pipe 
was fitted over the ends of the 
broken shaft. 


At the lower left-hand side is the 
bearing which was made from an 
oak block. 





with lag screws. These served to 
dam the molten babbitt metal with 
which the 1-in. space beneath the 
coupling was now filled. An oak 
block, hollowed out and babbitted 
in a similar manner, provided a cap 
for the bearing. 

This makeshift kept the generator 
in operation until the new jackshaft 
arrived. The job was completed in 
about 10 hours. A. J. DIXON. 


St. Louis, Mo. 
> 


Portable 
Air Compressor Can Be Taken 
to the Job 


OMPRESSED air is a great 

convenience in the repair shop 
and frequently must be used in order 
to do some jobs economically. In 
our shop we use compressed air for 
cleaning the lathes and other ma- 
chines, cleaning motors and equip- 
ment sent in for repair, for oper- 
ating the gas blast lamps, which we 
employ instead of gasoline blow 
torches, and for spraying varnish on 
motor windings by means of a small 
air brush. I have found that spray- 
ing on the varnish gives a better 
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job in much less time than when it 
is applied with a brush. It is easier 
to get the varnish in the crevices 
and narrow places, where it is most 
needed. 

In order to have the use of air 
when it is needed on jobs away from 
the shop we have mounted the com- 
pressor and motor on trailer wheels, 
as shown in the accompanying illus- 
tration. This trailer has a tongue 
on the front end which can be fitted, 
when desired, into a flexible coup- 
ling attached to the rear of the shop 
Ford. Two small front wheels and 
a handle, not shown here, are pro- 
vided for pulling the trailer around 
by hand. 

We have 100 ft. of air hose in sev- 
eral sections which can be connected 
together by the Chicago Pneumatic 
Tool Company’s quick detachable 
hose couplings. The motor is a 
General Electric RI, operating at 
110-220 volts, to which is attached a 
flexible wire lead about 100 ft. long. 

The compressed air storage tank 
is an extra heavy house tank tested 
for a working pressure of 150 lb. per 
sq. in. It is equipped with safety 
valve and a Cutler-Hammer pressure 
switch for motor control. This 
switch is set to stop the motor when 
the-pressure in the tank reaches 90 
lb. per sq. in. On the end of the air 
hose there is an air gun with a long 
snout for getting around corners and 
in small places. This outfit is not 
submitted as‘a model in construc- 
tion, but it serves our purpose and 
will probably continue to do so in 





The air compressor and motor are 
mounted on a trailer which can be 
moved by hand or towed by an au- 
tomobile. 
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its present form until we find time 
to make some additional improve- 


ments on it. W. H. HAROLD. 
Walla Walla, Wash, 





Army Searchlight Reel 
Increases Operating Radius 


of Welding Outfit 


REEL from one of the old search- 

light trucks of the army is used 
for feeding a portable welding outfit 
at the plant of Wm. R. Thropp & 
Sons Co., Trenton, N. J. The reel, 
which contains about 1,000 ft. of 
flexible duplex conductor, is carried 
on a hand truck wherever welding 
is to be done. The end of the wire 
is, of course, first plugged into the 
stationary switchboard in the weld- 
ing house. The welding handles are 
attached to a 10-ft. length of con- 
ductor with a plug on one end which 
fits a socket on the reel. 

The use of this reel has saved 
much time in doing repair and con- 
struction work around the plant. If 
a part of a machine breaks it is 
welded without removing the ma- 
chine. On construction work the 
reel is wheeled to the job. 


ROBERT HARRIS. 


Wm. R. Thropp & Sons Co., 
Trenton, N. J. 





Strong Spring on 
Contrifugal Switch Burns Out 
Motor Winding 


HE accompanying sketch shows 

the connections of the usual type 
of single-phase fractional-hp. motor 
in which the starting torque is pro- 
duced by an additional winding called 
the starting winding. This consists 
of a lesser number of turns than the 
main winding and of considerably 
smaller wire, and is automatically 
cut out of circuit by the centrifugal 
switch after the rotor has reached 
or nearly reached its synchronous 
speed. 

In a motor of this type it was 
recently necessary to replace the cen- 
trifugal switch and two-part commu- 
tator on account of wear. Within a 
short time after installing these new 
parts the starting winding burned 
out and an investigation failed to 
reveal the probable cause of the trou- 
ble. The starting winding was re- 
placed and the motor again put in 
service. In a short time this wind- 
ing again burned out and damaged 
the main winding to such an extent 
’ that it was found necessary to re- 
wind this also. 
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At this time a more careful ex- 
amination and inquiry revealed the 
following facts: The motor in ques- 
tion was a four-pole machine, 60 
cycles, 110 volts, its synchronous 
speed being 1,800 r.pm. It was 
found that the centrifugal ~* switch 
was intended for a motor of the 
same type but with two poles and 
operating at 3,600 r.p.m. The springs 








Diagram of connections for starting 
and running windings of small sin- 
gle-phase motor. 





were therefore considerably stiffer 
than those used on an 1,800-r.p.m. 
motor, with the result that although 
they would cut out the starting 
winding on starting up the motor 
without load, just as soon as load 
was applied there would be a slight 
drop in speed. Ordinarily this would 
cause no trouble, but in this case the 
springs were so stiff that the start- 
ing winding would be cut in again 
and remain in circuit as long as load 
was carried. After completely re- 
winding the motor, the spring ten- 
sion was reduced and no further 


trouble was experienced. 


Chandler Motor Car Co., 
Cleveland, Ohio. P. JUSTUS. 





Method of Winding Armature 
Coils to Insure Thorough 
Impregnation 

HEN winding motor arma- 

tures it is the practice of some 
repairmen to run the wire through 
air-drying varnish and then place it 
in the mould or slots while still wet, 
the object being to have the varnish 
thoroughly impregnate the coils. 
While this method does insure good 
impregnation, it is sticky and time- 
wasting, since the mould-winders’ 
tools become covered with varnish 
and must be cleaned frequently. The 
greatest objection is, however, ‘that 
when winding crossover coils, espe- 
cially ribbon wire, the wire is wound 
under tension and _ considerable 


pounding is required; hence the 
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possibility of the insulation on the 
wire failing is increased because wet 
cotton on wire will crush easier than 
when dry. Again, on pulled coiis, if 
these coils are allowed to dry before 
pulling, the insulation will tend to 
crack open (pull apart) around the 
bends, due to the fact that air-dry- 
ing varnish dries hard and brittle. 

The following method has been de- 
veloped to accomplish the same re- 
sults in less time and is not quite as 
troublesome. It is based on the fact 
that the majority of open-slot, alter- 
nating and direct-current motors 
have ample room for the insulation 
required on the coils, and for a paper 
slider to protect the coil while put- 
ting it in the slot. 

When an insulated coil is wound 
in layers, for the lower voltages, un- 
treated double-cotton-covered wire is 
used; if the coils are wound on a 
shuttle the first turn around the pins 
is reinforced with 0.004-in. cotton 
tape, half lapped. Then for round 
wire, including and larger than No. 
10 B. & S., and all square and rib- 
bon wire, every other turn around 
the pin is also reinforced; this pre- 
vents shorts between turns from the 
tension on the wire during winding 
and from rubbing action between the 
layers when the coil is pulled. All 
crosses in crossover coils are also 
taped. 

After the coils are pulled a strip 
of 0.007-in. double-dip-shellacked ful- 
lerboard is placed between the lay- 
ers in the slot section and a binding 
layer of 34-in. tape, 0.004-in. thick, 
applied, but not overlapped. The 
coils are then baked and dipped 
while hot in a black plastic baking 
varnish, allowed to soak and baked 
again. Under these conditions, the 
varnish penetrates to every part of 
the coil, as one of the properties of 
plastic varnish is that it will run at 
certain temperatures and _ hence 
tends to soak in thoroughly. 

On jobs where the wire is too 
small and the coil too flimsy to use 
strips, or when the coils are wound 
single on a mould, or mesh-threaded, 
and it is desired to glue a paper cell 
in place while winding and to have 
the varnish penetrate, a _ specially 
prepared, gum-treated wire is used. 
This wire is carried in stock in the 
standard sizes. It is always tacky 
while not wet, will not rub off on the 
hands or on tools, is not hard, and 
can be worked without fear of dam- 
aging the insulation. A. C. ROE. 


Detroit, Mich. 
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Better ways to transport and handle raw 
and finished parts in and around the 
works will be discussed in this section. 








Moving Awkward Loads Which Are Too Heavy and Bulky 


to Be Carried on an Industrial Truck 


LTHOUGH electrical industrial 

trucks are built as either trac- 
tor, load-carrying or elevating-plat- 
form types, this does not always 
limit them to that one application. 
For example, load-carrying and lift- 
platform trucks can often be used 
as tractors also. One example of 
the use of a load-carrying industrial 
truck is shown in the accompanying 
illustration. Here the truck is used 
as a tractor to help unload boxed 
automobiles from freight cars at a 
shipping dock. Formerly a gang of 
eight men took one hour to remove 
one of these boxed automobiles from 
the freight car and take it to the 
shipping platform. 

Now the same gang, with an elec- 
tric truck handles four boxed auto- 
mobiles an hour over the same route. 
The box is jacked up and put on 
rollers and a rope placed around one 
end. This is fastened to the electric 
truck which acts as a tractor and 
after a few jerks the box is swung 
out of the car and onto the shipping 
platform. The box is then lifted a 
few inches in order to get two two- 
wheeled dollies under the box. The 
tractor then pulls it directly to its 





This boxed automobile is pulled out 
of the car with a few jerks of an 
electric truck. 


With the electric truck helping them 
eight men are able to do four times 
as much work as formerly. 


destination, either to the warehouse 
or to the ship for loading. 

At this dock, other heavy pack- 
ages which because of their weight 
cannot be put upon the dollies, are 
handled on rollers and skids by this 
same electric truck serving as a 
tractor. At other times it is used 
to carry light loads on its platform. 





How One Man 
Operating a Crane and Magnet 
Takes the Place of a Gang 


ECAUSE it is getting more 
difficult to get men for heavy, 
rough handling, and these men are 
becoming more expensive, a great 
deal of attention is being paid to 
devising equipment for doing this 
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work. One such type of work to 
which material-handling equipment 
is being applied advantageously is . 
in the handling of metal scrap. This 
is usually rather heavy and hard 
work and when done by hand is a 
piece-by-piece task. With compara- 
tively small pieces of scrap, which 
are still too large to be handled by 
shovels, hand sorting is an almost 
endless task. 

At the Argo Scrap and Metal 
Company’s plant in Chicago, prac- 
tically all of this sorting is done 
mechanically. This company oper- 
ates what is known as a “sorting 
yard” where the borings, turnings, 
punchings, shearings and all other 
types of scrap metal are received, 
sorted and reloaded for shipment. 
For this, the North West Engineer- 
ing Co.’s crane and a Cutler-Ham- 
mer magnet are used as shown in 
the illustration on the next page. 
Here practically all of the scrap is 
received in wagons, either from junk 
dealers who go around the city and 
gather it up or from the trucks of 
industrial concerns which deliver 
their scrap directly to this concern. 
The larger share of it is brought in 
during the latter part of the after- 
noon. This leaves the crane and 
magnet free for sorting and loading 
onto cars during the morning. 

In the afternoon, when the scrap 
is being received, the crane is placed 
in the center of a large circle and 
as the wagons drive up to be un- 
loaded the crane lifts the load from 
the wagon and deposits it according 
to its classification into the proper 
pile in the circumference of the 
circle. The scrap is fairly well 
sorted by wagon loads before it 
reaches the yard and this enables 
an entire load to be placed in one 
It requires only a few minutes 


pile. 
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From 100 to 300 tons of scrap are’ 
handled daily. 


As the wagons are unloaded the 
crane revolves and drops the metal 
in a pile according to its classifica- 
tion. This sorts the scrap as it is 
received. When not receiving scrap 
the crane and magnet load cars. It 
would take a large force of men to 
do the same work. 





to unload a wagon and automatically 
place it in its proper classification. 
The crane is gasoline driven and is 
connected to a 714-kw., 220-volt gen- 
erator to provide the direct current 
for the magnet. It can swing in a 
full circle and so take advantage of 
a large area for handling the scrap 
and piling it according to its proper 
classification to simplify loading on 
cars. Within this circle are placed 
the shears and the scrap bailer, so 
that any material for either of these 
is placed within convenient reach of 
them as it is unloaded. Altogether 
between 100 and 300 tons of scrap 
are handled daily. This is a one- 
man-operated crane of the crawler 
type. It is full revolving and steers 
like a truck and is made by the 
North West Engineering Co., Green 
Bay, Wis. The 40-ft. beam carries 
a 48-in. Cutler-Hammer magnet 
made by the Cutler-Hammer Manu- 
facturing Co., Milwaukee, Wis. 
sehiiadibindiaiss 


How One Truck Saves $1,200 a 


Year in Miscellaneous Hauling 


N ANY plant covering a large 

area the work of distributing 
the numerous supplies required by 
each department usually occupies the 
time of several men. This type of 
miscellaneous material handling is 
very difficult to standardize. How- 
ever, by the use of elevating plat- 
form electric or hand trucks and 
skids, the work involved in its dis- 
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tribution may be materially reduced. 

This was the case at the Brown- 
Lipe-Chapin Company, Syracuse, N. 
Y., where a Cowan elevating plat- 
form truck has been in use for this 
miscellaneous work since about De- 
cember, 1920. The truck is in actual 
operation about 7 hours per day. 
Most of this time is spent in deliver- 
ing the miscellaneous supplies and 
equipment from stores to the vari- 
ous departments, although the truck 
is occasionally used for moving pro- 
duction materials on long hauls from 
one department to another. It is on 
work such as this, where material 
is intermittently stationary and mov- 
ing from one place to another that 
the elevating platform truck is oper- 
ated to its best advantage. This is 
due to the fact that it eliminates the 
necessity of loading or unloading 
the truck each time the load is de- 
posited, and at the same time does 
not tie up expensive equipment, be- 
cause the load is left on an inex- 
pensive skid. 

For heavy, miscellaneous “ped- 
dling,” such as here, elevating plat- 
form trucks are usually advanta- 
geous because when the package is 
once loaded on the _ skid—even 
though it requires a hoist, or several 
men, to do it—one man, the truck 
operator, can move it anywhere and 
deposit it, on the platform, to be 
unloaded when the men have an 
opportunity. 

It has been estimated that the 
truck in this plant eliminates at least 
one man’s time, a saving of about 
$1,200 per year. In addition, inci- 
dental savings, which are difficult to 
estimate, result from the greater 
speed of delivery. During the two 
years’ time this truck has been in 
operation practically no repairs have 
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Using an electric truck for handling 
miscellaneous materials. 


The electric truck is especially 
adaptable to the handling of miscel- 
laneous materials because they may 
be placed on the skid and deposited 
either for temporary storage or to 
be handled as necessity or conven- 
ience demands. In the meantime 
the load may be moved quickly 
without extra handling. In this way 
only the comparatively inexpensive 
skid is tied up with a load while 
the more expensive truck is free for 
other work. 





been made on it. The illustration 
above shows this Type EL electric 
truck manufactured by the Cowan 
Truck Company, Holyoke, Mass. 





Special Skid 
for Handling Rolls of Cloth 
at Cutting Table 

NE OF the big problems in 

many kinds of material han- 
dling is the design or construction 
of the proper container or carrier. 
This is particularly true where 
either hand or power lift trucks are 
used in connection with skids. One 
interesting application of a hand 
lift truck is shown in the illustra- 
tion on the next page. This is in- 
stalled at the Printz-Biedermann 
Company, Cleveland, Ohio, for han- 
dling rolls of cloth to and from the 
cutting table. In making ladies’ 
suits several thicknesses of cloth, 
each thickness may be of a differ- 
ent color or quality, are laid on the 
table and all cut at once to the same 
pattern. 

To carry a wide variety of rolls 
of cloth so that any or all of them 
may be “laid” on the cutting table, 
the special lift-truck skid, shown in 
the accompanying illustration, is 
used. This holds a dozen or more 
rolls on the two sides. In using this 


truck the different rolls of cloth 


604 


How a special lift-truck skid facili- 
tates the handling of cioth. 


Various assortments of cloth for use 
in making ladies’ suits are placed on 
this skid and then “laid” on the cut- 
ting table. This not only simplifies 
the handling of the various rolls but 
also prevents the cloth touching the 
floor and becoming soiled. 





which are desired to be made up in 
any lot are placed on the skid as 
shown and drawn up to the end of 
the cutting table. Beginning at the 
bottom roll, the cloth is pulled up 
and “laid” on the table. The next 
roll, or the bottom roll on the oppo- 
site side, is then pulled through and 
“laid.” This is followed by the 
second from the bottom roll on the 
near side and alternately until the 
dozen or more thicknesses are laid 
out for cutting. After the different 
sizes and styles required are cut 
from this assortment the cloth is 
rolled up, the rolls removed and an- 
other assortment placed on the skid. 
This has not only speeded up the 
handling of the rolls of cloth, but 
also keeps them off the floor and 
prevents their being soiled, which is 
often a big source of loss in tailor- 
ing establishments. The Stuebing 
Truck Company, Cincinnati, Ohio, 
made the lift-truck installation used 


here. 
a 


Hauling 15-Ton Loads 
With an Industrial Truck 
Operated as a Tractor 


ATERIAL handling tasks, 

which occur frequently or are 
repetitive, can easily be studied and 
generally special methods or equip- 
ment applied to take care of them 
at a large saving in labor and costs. 
A little study will often show how 
non-repetitive tasks, or those which 
occur infrequently, may also be han- 
dled at a similar saving. For these, 
it is often possible to use the same 
equipment which is used for han- 
dling the everyday tasks economic- 
ally. One job of that nature is 
shown in the two illustrations ac- 
companying this item. Here a TEC 
industrial truck was used to handle 
a stack from the steamship 
“L’Oriente” when overhauling it at 
the Tietjen and Lang yards, Hobo- 
ken, N. J., as it was found necessary 
to remove the stack to the boiler- 
shop of the plant and return it to 
the steamship. The stack was loaded 
on two four-wheeled dollies on the 
narrow pier as shown in the illus- 
tration and hauled by the industrial 
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truck to the boiler shops, a distance 
of about 900 ft. In this trip it was 
necessary to make three sharp right- 
angle turns. This was accomplished 
in a short time by only a few men. 
The upper illustration shows in more 
detail how the stack was carried and 
towed by the industrial truck. 
Some idea of the difficulty of han- 
dling an awkward piece such as this 
may be realized from the fact that 
the stack measured about 10 ft. in 
diameter, was about 24 ft. long and 





Handling an awkward load with an 


industrial truck. 

Awkward loads, such as this 15-ton 
stack, 10 ft. in diameter and 24 ft. 
long, which are much too large to 
be placed on an industrial truck can 
easily be towed. This operation may 
suggest similar plans which may be 
applied to handling other ungainly 
loads around industrial plants. 


weighed approximately 15 tons. Al- 
though much heavier pieces have 
been handled by industrial trucks 
over even longer distances, the awk- 
ward length of this stack increased 
the difficulty of handling it.: This 
TEC truck is made by the Terminal 
Engineering Company, New York, 
N. Y., and was equipped with Exide 
Ironclad Batteries, supplied by the 
Electric Storage Battery Co., Phila- 
delphia, Pa. 

This truck is constructed with ex- 
tra large wheels for traveling over 
rough pavements and in yard work 
without permanent runways. Each 
of the four wheels carries a 20 by 5- 
in. solid rubber tire and has its in- 
dividual driving motor. It is also 
four-wheel steer. The truck has a 
capacity of from % to 7 m.p.h., 
loaded, or 10 m.p.h. empty. It is 
made in two types—one with a plat- 
form length of 105 in. and the other 
130% in. The platform is 47% in. 
wide and 24 in. high, due to the high 
wheels. Instead of the whole plat- 
form raising when elevating a load- 
ed skid, as do most other types of 
elevating platform trucks, the skid is 
lifted 714 in. by four power-operated 
steel screw jacks, one at each corner. 
Thus the supports of the skid do not 
drag even when going over rough 
ground. The skids, as with any ele- 
vating platform truck, may be made 
in a wide variety of types to suit any 
particular material handling problem. 
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Methods of Correct- 


ing Power Factor 
(Continued from page 567) 


motors and additional transformer 
equipment employed. 

Conditions might be such that the 
load required induction motors in- 
stead of synchronous motors, while 
at the same time it would be better 
not to add any generating and dis- 
tributing equipment. A condenser 
would then be necessary to raise the 
power factor. This case is illus- 
trated in J of Fig. 1. The added load 
of 200 kw. is carried by induction 
motors operated at 85 per cent power 
factor. This requires 246 kva. in in- 
duction motors, which gives a total 
resultant load of 1,350 kva. at 70 per 
cent power factor. A condenser must 
be applied to this load to bring the 
kva. of the load below 1,110. This 
condenser will be operated at zero 
power factor and, therefore, will lie 
along the line drawn to the left from 
the top of the upper triangle in J. 

In order that the kva. may be 
within the 1,110 kva. limit, the line 
must be extended to the left until it 
is within the are which has been 
drawn with a radius of 1,110 kva. 
The nearest standard size of con- 
denser which fits inside of this are 
is 400 kva. Applying 400 kva. to 
this load, we get a resultant load fac- 
tor of 86.5 per cent with a load of 
1,090 kva., practically the same as 
shown in example H. In this case, 
however, the cost is much greater. 
We have the cost of the induction 
motors, which equals $2,950, which 
must be added to the cost of the syn- 
chronous condenser, which equals 
$7,200. Together these make $10,- 
150, while the cost of the synchro- 
nous motor in case H was only $6,300. 


LOSSES IN CORRECTIVE APPARATUS TO 
BE CONSIDERED 


If the condenser had not been add- 
ed in Example J, additional generat- 
ing and_ distribution equipment 
would have cost $9,600, which is 
greater than the cost of the con- 
denser. If only transformer equip- 
ment had been required, this would 
have cost $6,125, which is less than 
the $7,200 required for the synchro- 
nous condenser. There are still, how- 
ever, the other advantages which 
come from high power factor, such 
as a lower demand and lower energy 
rates, better voltage regulation, and 
so on. ; 

When using condensers or syn- 
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chronous motors and final calcula- 
tions are made, the losses in the cor- 
rective apparatus should be consid- 
ered. For the sake of simplicity, this 
has not been done in the foregoing 
examples. A method of doing this, 
however, is shown in Fig. 3. The 
drawing J in Fig. 3 corresponds to 
B in Fig. 1, except that the losses 
of the condenser are taken into ac- 
count. Instead of the diagram for 
the condenser being a straight line, 
it is a triangle. The losses in 
synchronous motors and condensers 
are from 5 to 10 per cent of the kva. 
rating, while those of static condens- 
ers are even less. The manner in 
which the losses of a synchronous 
motor are shown is illustrated in K 
of Fig. 3. This corresponds to E of 
Fig. 1. An additional load of 200 
kw. is being carried by a synchro- 
nous motor operating at a leading 
power factor. When drawing the 
figure, however, in addition to this 
200 kw., the kw. loss in the syn- 
chronous motor must also be plotted 
as shown. 


SHALL POWER FACTOR BE CORRECTED 
FOR PEAK OR AVERAGE LOAD? 


In all the foregoing examples no 
distinction has been made between 
the correction for peak load and av- 
erage load. In choosing equipment, 
however, this should be taken into 
consideration. If energy is pur- 
chased from a power company, there 





Fig. 10—A synchronous motor may 
drive a load and raise power factor 
at the same time. 
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is probably a maximum-demand 
charge which is based upon the kva. 
of the load, or at least takes power 
factor into consideration. Under 
such a condition the power factor at 
peak load is most important. An- 
other case in which peak load should 
be considered is when the distribu- 
tion equipment is about overloaded 
but additional load must be put on it. 
The question in this case is balanc- 
ing the necessity for the additional 
load against the cost of either cor- 
rective apparatus or additional dis- 
tribution apparatus. If a plant has 
plenty of generating apparatus to 
take care of its load, then the peak 
Icad is not so important. Power fac- 
tor calculations should be made upon 
the average load conditions. 

When correcting for high peak 
load there is one feature which must 
be remembered. If a large condenser 
is installed to raise the power factor 
at high peak load, the loss in the con- 
denser itself may be large when the 
plant is running at light load. For 
this reason there may be times when 
it should be disconnected from the 
line. Sometimes the condenser ap- 
paratus may be bought in two or 
more independent units to take care 
of this situation. 

Although in times past there has 
been objection to synchronous mo- 
tors on account of their starting 
characteristics, they are now made 
with excellent ability to start under 
load. Also, clutches have been de- 
veloped which may be employed to 
prevent the motor from drawing ex- 
cessive current on starting. 








SYNCHRONOUS AND STATIC 
CONDENSERS 


Where it is impossible to carry 
part of the load with a synchronous 
motor, condensers of some kind may 
be employed. These may be synchro- 
nous or static. The synchronous 
condenser has the advantage that its 
power factor may be regulated to 
varying loads, but at the same time 
it must be taken care of by an at- 
tendant. A static condenser requires 
no attendant. It is, however, some- 
times necessary to cut out sections 
of the static condenser when the load 
varies. With the individual condens- 
ers which are applied to each motor, 
this operation is taken care of auto- 
matically when the motor is removed 
from the line. In the smaller sizes, 
static condensers cost less than syn- 
chronous condensers. For 2,300-volt 
service they are more economical in 
sizes even as high as 1,000 kva. 


QTHER METHODS OF RAISING POWER 
FACTOR 


Among the other equipment which 
has been used to raise power factor 
are rotary converters, the phase ad- 
vancer and the induction-synchro- 
nous motor. The rotary converter 
may be applied where a direct-cur- 
‘rent load can be used. There is no 
means, however, of regulating the 
power factor, and its cost complete 
with transformer and other equip- 
ment is not much below that of a 
motor-generator set. The other two 
kinds of machines have not been 
widely adopted and are still in the 
experimental stage. The phase ad- 
vancer for use with a wound-rotor 
induction motor has had some suc- 
cess. The machine furnishes current 
to the rotor through a commutator 
revolving at synchronous speed. This 
adds some complications. The induc- 
tion-synchronous motor starts as an 
induction motor. At full speed di- 
rect current is sent through the fields 
so that it operates as a synchronous 
motor. 


COST OF CORRECTIVE EQUIPMENT 


In general, the cost of synchronous 
motors in standard sizes averages 
from 30 to 60 per cent above that of 
squirrel-cage induction motors. Syn- 
chronous motors of 100-hp. size may 
ecst twice as much. The larger the 
size and the slower the speed, the 
more favorable is the comparison for 
the synchronous motor. Synchronous 
motors are made in standard sizes to 
operate at 50 per cent, 80 per cent 
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and 100 per cent power factor, while 
condensers are made for zero leading 
power factor. Of course, these mo- 
tors can also be operated at other 
power factors and special designs 
can be made. 





If You 
Believe This— 
Practice It 


In every works and in every office there 
are men who are so in love with their jobs 
that you see little of them and hear little 
about them—but you seem to feel that 
when they are on the job things are going 
right. Now then— 


If with pleasure you are viewing 
Any work a man is doing, 
If you like him, or if you love him, 
tell him now. 
Don’t withhold your approbation 
Till the parson makes oration, 
And he lies with snowy lilies o’er his 
brow. 
For no matter how you shout it, 
He won’t really care about it; 
He won’t know how many tear drops 
you have shed; 
If you think some praise is due him, 
Now’s the time to slip it to him, 
For he cannot read his tombstone 


when he’s dead. 


More than fame, and more than money, 
Is the comment kind and sunny, 
And the hearty, warm approval of a 
friend; 
For it gives to life a savor, 
And makes you stronger, braver, 
And it gives you heart and spirit to 
the end. 
If he earns your praise, bestow it; 
If you like him, let him know it; 
Let the words of true encouragement 
be said. 
Do not wait till life is over, 
And he’s underneath the clover, 
For he cannot read his tombstone when 


he’s dead. 


This bit of common sense in rhyme by 
an unknown author is presented with ac- 
knowledgment of Pullman News. It ought 
to occupy a prominent place near the desk 
or workbench of every man who super- 
vises men, and twice in a while the senti- 
ment expressed should be practiced. It’s 
something that you can’t express in the 
contents of a pay envelope, but it brings 
the same kind of satisfaction to a man as 
a little addition to that envelope now and 


CQroviteenl CA” 
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MEASUREMENT OF POWER FACTOR 


There are a number of ways of 
measuring power factor. In fact, it 
is not necessary to measure actual 
power factor, provided the kva. of the 
load may be measured, or the reactive 
kva. Meters for measuring kva. have 
been developed in the graphic and 
demand types, and some manufactur- 
ers say that they have perfected 
meters of the integrating type. Or- 
dinary watthour meters can be made 
to record the active kva. by suitable 
changes in connections and by the in- 
sertion of reactances to throw cer- 
tain currents out of phase or by tak- 
ing the potential leads from an auto- 
transformer, which displaces the 
voltage to the correct position. The 
National Electric Light Association | 
and the Association of Edison Illu- 
minating Companies are now study- 
ing the methods for measuring 
power factor and reactive kva. Of 
course, for balanced loads the power 
factor may be calculated from a watt- 
heur-meter reading and current and 
voltage readings. In a_ balanced 
three-phase load watts~(currentX 
voltage 1.73) equals the power fac- 
tor. Power factor meters of the in- 
dicating type may also be employed 
for getting instantaneous readings. 





Pulley Service and 
Long Life 


(Continued from page 589) 


bringing this about by choosing 
standard sizes wherever possible 
without sacrificing production. 

By forgetting the old idea that 
every pulley is only a pulley and 
through analysis to determine the 
type and size best adapted to each 
particular service condition the men 
responsible for the continued opera- 
tion of mechanical equipment in in- 
dustry can help to eliminate many of 
their transmission troubles. 


Epitor’s Note: Acknowledgment is 
made to the following concerns who 
have co-operated with the editors of 
INDUSTRIAL ENGINEER by supplying in- 
formation and illustrations on pulleys 
and their application: American Pul- 
ley Co., Philadelphia, Pa.; Birkle Ma- 
chine Co., Chicago, Ill.; W. E. Caldwell 
Co., Louisville, Ky.; Chicago Pulley & 
Shafting Co., Chicago, Ill.; Composition 
Wood Products Co., Chicago, Ill.; Cork 
Insert Co., Boston, Mass.; Dodge Sales 
& Engineering Co., Mishawaka, Ind.; 
W. A. Jones Foundry & Machine Co., 
Chicago, Ill.; Ohio Valley Pulley Works, 
Maysville, Ky.; Pyott Foundry Co., 
Chicago, Ill.; Reeves Pulley Co., Colum- 
bus, Ind., and Saginaw Manufacturing 
Co., Saginaw, Mich. 
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Faulty Brush 


e 
Operation 
(Continued from page 582) 

increase the brush pressure. Be- 
yond 20 degrees, particularly with 
high friction brushes, the effective 
pressure increases very rapidly and 
is similar to a clutch action. On 
some very low friction brushes sat- 
isfactory operation in a trailing 
position may be secured with bevels 
as high as 30 degrees, but as a gen- 
eral rule, it is not advisable to exceed 
15 or 18 degrees. 

In the leading position the two 
forces. oppose each other and when 
they become approximately equal, 
the brush becomes unsteady, resting 
first against the one edge of the 
holder and then against the other 
edge. This will usually cause the 
brush to chatter, sometimes chip 
away at the edges, and generally 
cause some blackening of the com- 
mutator due to the brushes jumping 
and pulling short arcs. 

If the sine of the angle is less 
than the coefficient of friction of 
the brush, the frictional force of the 
commutator on the brush will push 
it over to the far side of the holder. 
If the sine of the angle is greater 
than the coefficient of friction, the 
brush will adhere to the near side 
of the holder due to the right angle 
resultant of the pressure between 
the brush and commutator. The re- 
action type holder, shown in Fig. 10, 
depends entirely on this resultant 
force to hold the brush in place. It 





Fig. 10—Reaction type of brush 
holder which depends or the result- 
ant force of the pressure exerted 
between the brush and the commu- 
tator to hold the brush in place. 
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Fig. 9—Leading and trailing brush 
positions when the commutator is 
operating in the direction of the 
arrows. 











is recommended that brushes in a 
leading position be bevelled less than 
10 degrees and used in box type 
holders if they are to be operated 
on reversing motors and more than 
20 degrees if they are to be oper- 
ated on motors running in one direc- 
tion only. On reaction type holders 
used on reversing motors, it is good 
practise to place a safety guard 
around the brush, as in Fig. 11, to 
prevent the brush from jumping out. 

11. Brushes Chattering. — When 
brushes chatter they jump from the 
commutator a few thousandths of 
an inch similar to your finger when 
it is pushed across a pane of glass, 
except with a more rapid movement. 
This lifting of the brush pulls a 
small arc between the brush and the 
commutator which may cause visible 
sparking or it may cause sparking 
only under the brush face. In either 
case this causes high mica on un- 
slotted commutators. Chattering 
brushes will cause commutator heat- 
ing from a combination of sparking 
and the pounding of the brushes just 
as a piece of metal may be heated 
by hammering. The brushes will be 
noisy and shunts will be loosened 
due to the vibration. Chattering 


_ will increase brush wear due to the 


small arc under the brush face and 
cause chipping of the edges. 

12. Too High Ratio of Brushes to 
Commutator Surface.—The tempera- 
ture of the commutator depends, 
among other things, upon the amount 
of commutator surface exposed to 
the air for radiation. If this is not 
sufficient the commutator will be- 
come overheated even when other 
conditions are normal. This is most 


frequently encountered in machines 
which are rewound for a lower volt- 
age than they were designed for. 
As for example, when a 10-hp., 550- 
volt motor is rewound for a 10-hp., 
220-volt motor the current is in- 
creased to 214 times its former value. 
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This will increase the commutator 
heating and if thicker brushes have 
to be installed to take care of the 
increased current the radiation sur- 
face of the commutator is reduced. 

13. Lubricated Brushes.—Twelve 
or fifteen years ago the majority of 
brushes in use were made of various 
kinds of coke with or without the 
addition of some graphite and then 
given a treatment with paraffine or 
other waxes. The treatment had two 
beneficial effects: First, to reduce 
friction; second, to increase contact 
resistance. ° 

While a number of lubricated 
brushes are still sold, the develop- 
ment of high-grade brushes, particu- 
larly the electro-graphitic brushes, 
has made it unnecessary to give arti- 
ficial lubrication and the practice has 
been largely discontinued and is 
particularly discouraged on undercut 
commutators. The bad effects of 
artificial lubrication more than offset 
any advantages. Frequent attention 
must be given to keep the commu- 
tator, brushes and holders free from 
wax working out of brushes. 

14 and 15. Loose Brush Shunts 
and Loose Terminal Screws.—Either 
of these troubles compels the major 
part of the current to pass from 
the brush directly to the brush 
holder box or through the brush 
hammer, tending to cause burning of 
the brush holder boxes in the former 
case and loss of temper in the brush 
spring in the latter case. On ma- 
chines where there is more than 
one brush per stud, these troubles 
may throw enough of the current 
onto the other brushes to overload 
them and cause glowing. 





11—A reaction type brush 
holder shown with a safety guard 
used to prevent the brush from 
jumping out on reversing motors. 


Fig. 
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Trade Literature 
You Should Know About 

















Thwing Instrument Company, 3339 Lan- 
caster Avenue, Philadelphia, Pa.— 
Bulletin No. 10 on “Thwing Thermo- 
Electric Pyrometers” of indicating 
and recording types contains a dis- 
cussion of the construction of this 
type of pyrometer and an explanation 
of its use in industry. 

Kuhlman Electric Company, Bay City, 
Mich.—Bulletin No. 111 takes up the 
construction and operation of the 
Kuhlman single-phase distribution 
and power transformers. Bulletin No. 
112 is devoted to three-phase trans- 
formers while Bulletin No. 113 covers 
a special type of disconnect series- 
multiple transformer primarily de- 
signed for street lighting and other 
similar work. 

Redmanol Chemical Products Company, 
636-678 West Twenty-Second Street, 
Chicago, I1l—A booklet entitled, “A 
Popular Exposition of the Scientific 
Merits of Redmanol,” illustrates the 
wide application of Redmanol and 
also gives some information on its 
manufacture and the hot and cold 
methods of working it up into special 
shapes. Redmanol has high mechan- 
ical and dielectric strength, is easily 
molded into almost any shape and 
not affected by water, oil, acids, gas- 
oline or other similar liquids. 

Frisz Manufacturing Company, Ine, 
Indianapolis, Ind.—A circular de- 
scribes the Frisz portable electric 
furnace for heating soldering irons, 
melting babbitt, heating rivets or 
tempering tools. It is made in two 
sizes for 32, 110, or 220 volts and can 
be connected up with an extension 
cord to give a temperature of 1,500 
to 1,600 deg. 

F. J. Ryan and Company, Philadelphia, 
Pa.—Common Sense Talks Nos. 1 and 
2 entitled “Electric Heat—What Is 
It?” and “The Electric Resistor” are 
two of a series of interesting bulle- 
tins containing considerable instruc- 
tive information on the electric fur- 
nace and its elements. These series 
will be mailed for the asking. 

Wilson Welder and Metals Company, 
Ine., 132 King Street, New York City. 
—Bulletin No. 100 gives a description 
of the various grades of “Color-tipt” 
welding metals and the type of work 
for which each is best fitted. Each 
grade is identified by an individual 
color on the tips of the rods as well 
as designated by a number. 

W. F. Rockwell Company, 50 Church 
Street, New York City—A 44-page 
booklet entitled “Elements of Indus- 
trial Heating” is filled with valuable 
information on the various types of 
furnaces used in industrial heat treat- 

ing. Some of the factors covered are: 

Design, fuel, factors governing qual- 





ity and cost, temperature control se- 
lection, regenerative furnaces, con- 
tinuous and rotary furnaces, heat 
treating and melting furnaces. A 
number of charts, sketches and dia- 
grams is included. 


Industrial Gloves Corporation, 2640 
Maplewood Avenue, Chicago, [ll.— 
“Steel-grip” industrial gloves, mit- 


tens, arm protectors and leggings as 
well as their uses in industry are de- 
scribed in a small booklet. The face 
of these gloves contains many small 
steel inserts which protect the glove 
against wear in excessively hard or 
rough work. 


The Dayton Safety Ladder Company, 


Dayton, Ohio—The convenience and 
some of the uses which may be made 
of the Dayton safety ladder are illus- 
trated in a small eight-page folder. 
This is a step-ladder with a very 
large platform step at the top and a 
guard to prevent stepping off. The 
entire ladder may be easily folded up 
and carried from place to place. 


Cooper Hewitt Electric Company, Ho- 


boken, N. J.—Numerous industrial 
and laboratory applications of Ultra- 
Violet ray equipment are illustrated 
in a series of small folders. One of 
these describes the use of Uviarc test 
for determining the color fading 
value of fabric, paint, ink, and other 
colored materials. 


Modern Engineering Company, St. Louis, 


Mo.—Oxy-acetylene welding and cut- 
ting equipment is described in a se- 
ries of catalogs and handbooks. One 
of these, Pamphlet No. 1, may be used 
as a handbook on oxy-acetylene weld- 
ing. Pamphlet No. 2 covers the use 
of the same equipment in cutting. 


General Electric Company, Schenectady, 


N. Y.—Bulletin No. 47,606 describes 
relays, their operation and general 
application. Some of the subjects 
taken up in this bulletin are: Gen- 
eral advantages gained by the use of 
relays; overload relays of various 
types; underload relays; reverse 
power relays; voltage and differential 
relays; auxiliary and temperature re- 
lays. A total of 22 relay diagrams in 
addition to a two-page table of the 
application of standard relays are in- 
cluded. 


Armature Coil Equipment Company, 


3202 Scranton Road, Cleveland, Ohio. 
—The North American gas-electric 
portable blow torch is described and 
its uses in motor repair illustrated 
in a small booklet. With this torch 
a blast of air, supplied by a small 
electric fan, combines with the gas 
and generates a heat of from 500 to 
2,500 deg. F., which may be directed 
upon the work. Some of the uses in 
repair work are: Removing old in- 








Vol.80, No.12 





sulation from stators, armatures, etc.; 
soldering large commutators and 
squirrel-cage rotors, and burning out 
motor windings. 

Stewart Manufacturing Corporation, 
4500 Fullerton Avenue, Chicago, Ill.— 
A group of circulars describes the 
new copper-lead Stewart bearing 
metal, which may be remelted, it is 
claimed, without separating the cop- 
per and lead alloys. Performance 
data as well as the advantages 
claimed for this particular bearing 
metal are given. 

Wodack Electric Tool Corporation, 2327 
South Jefferson Street, Chicago, Ill.— 
A 24-page booklet entitled “Electric 
Drill Facts” illustrates some of the 
numerous industrial and repair shop 
uses of Wodack drills, grinders and 
buffers. 

Atlas Torch Manufacturing Company, 
1909 Irving Park Boulevard, Chicago, 
Ill— Advantageous construction de- 
tails of this type of torch as well as 
the numerous applications which may 
be made of it are given in a small 
folder distributed by this company. 

The Skybryte Company, 366 Bangor 
Building, Cleveland, Ohio—A 48-page 
book entitled, “Daylight—the Natural 
Illuminant,”’ discusses methods of 
taking the best advantage of natural 
daylight and the results which may 
be obtained thereby. Some of the 
topics discussed are: Seeing colors, 
diffusion of. light, the intensity of 
light, light and production, accidents, 
maintenance, and the psychological 
laws of vision. This book will be 
distributed to any plant executive 
expressing a desire for it on his 
business letterhead and giving his 
official title. 

Detroit Torch and Manufacturing Com- 
pany, Detroit, Mich—The Detroit 
gasoline torches and fire pots put out 
by this company are described in cat- 
alog E, which includes a price list 
of parts for replacement. 

Roach-Appleton Manufacturing Com- 
pany, 2446 North Crawford Avenue, 
Chicago, Ill.—“Raco” switch boxes 
for loom, metallic and rigid conduit 
are described and dimensioned in'a 
small leaflet. 

Kelly Lubricator Corporation, 107 North 
Franklin Street, Syracuse, N. Y.—A 
circular describes the Auto-Vac ball 
feed lubricators, which are claimed 
to give a positive lubrication with a 
large saving in oil. This lubricator 
is a vacuum-type oil cup with a ball 
in the end of the feed resting on the 
shaft. As the shaft rotates, this 
ball rotates and carries oil from the 
oil cup on to the bearings. When 
the machine is idle the ball is sta- 
tionary and does not use oil. 

The Electric Controller and Manufac- 

- turing Company, Cleveland, Ohio— 
Bulletin No. 1045 describes the Type 
NC squirrel-cage induction motor. 
This includes details of construction 
and also gives dimensions and 
weights of this type of motor with 
or without rails and pulleys. 
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Polyphase Induction 
Motors 


For Machine Tool Service 
















Type AR Squirrel Cage 
Type ARY Slip Ring 


(Continuous Rated) 
Type AN Squirrel Cage 


Type ANY Slip Ring 
(40°C Machines) 


60 and 25 Cycles 


for all standard speeds 


























Superior Design and Rugged 
Construction makes them 
Fully Dependable 
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ping and Rewinding Universal Motors Which Have a Simple 
Series Winding or a Series and a Compensating Winding. 


Some Practical Examples of the Speeding Up of 
Production 


Describes How a Continuous Flow of Material and Parts in 
Process Is Maintained at Plant of George.B. Limbert Com- 
pany by Use of Electrically Driven Conveyors, Trucks and: 
Elevators. 


Some of the Factors That Insure Good. Pulley 
Service and Long Life 


Discusses the Make-up of Paper and Composition Pulleys, 
With the Methods of Increasing Belt Adhesion and Other 
Service Considerations. 


Troubles Arising From Faulty Brush Operation 579 
This Is the Second of a Series of Articles by E. H. Martindale, 
Analyzing the Causes and Effects of Brush and Commutator 


960 
961 


568 


971 


975 


Troubles, 
Some Points to Observe When Installing Fire 
Pumps 583 
Outlines the More Important Requirements of the National 
Board of Fire Underwriters Governing the Installation of 
Fire Pumps. 
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yasmin 592 Handling Materials 602 
Service Around the Works 595 | Trade Literature 608 
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Some Questions 
We’ve Been Asked: 


What are the objects of the Electric Power 
Club and who are members of it?—The objects 
of the organization known as the Electric 
Power Club are as-follows: 

(a) The discussion of subjects of interest 
and value to the industry in which its members 
are engaged. (b) The advancement and im- 
provement of that industry. (c) The collec- 
tion and dissemination of statistics and in- 
formation of value to its members. (d) The 
standardization of electrical machinery. (e) 
The promotion of a spirit of cooperation among 
its members for the improved production and 
increased distribution of electrical machinery 
and apparatus. Membership includes corpora- 
tions or individuals engaged in the manufac- 
ture of electrical power apparatus and control 
equipment. INDUSTRIAL ENGINEER can furnish 
a list of these manufacturers. The office of 
the executive secretary is located at Kirby 
Building, Cleveland, Ohio.— Business Manager. 


* * * # 


How do you define the scope of Industrial 
Engineer and the responsibilities of its read- 
ers?—In an editorial on page 345 of the July 
issue, entitled “Concerning Our Name,” the 
answer to this question was given as follows: 

“Engineering work in industries can be 
roughly divided three ways: 1. That calling 
for the technical services of.a civil, electrical, 
mechanical or other professional consultant. 
2. That calling for the services of a profes- 
sional consultant in the analysis or develop- 
ment of industrial ‘processes or phases of man- 
agement. 3. That calling for the services of 
men in the operating organization of the works 
whose training and. experience qualify them 
to be classified among engineers of groups 1 
and 2 and also groups of supervisors of work 
who possess practical experience and ability 
to interpret the engineering thinking of their 
engineer executives and the plans of groups 
1 and 2, to modify them as conditions demand, 
to maintain machine production on an econom- 
ical basis under changing conditions of plant 
growth or new requirements with a view to 
maintaining continuity of service and controll- 
ing production costs. 

“It is to the Industrial Engineers who make 
up group 3 that this paper is particularly ad- 
dressed—those men who represent the execu- 
tion of engineering thinking in the various 
departments of an industrial works and carry 
out in a practical way the ideas and ideals of 
management in the processes of production. 

“In the past, the work of these men has been 
in the main a job and we are wrapping this 
paper around the various phases of that job 
in such a way as to analyze its practical 
phases and help them to organize the work on 
the best lines of engineering practice.’— 
Managing Editor. . 
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For line circuit control. 
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These Enclosed Counter E. M. F. Automatic Starters are 
recommended for Shunt or Compound Wound DC Motors 


up to 10 HP 





CR 4011-D1 CR 4012-Al 


For starting small shunt or compound wound DC 
motors—this line of G-E CR 4011 andCR4012 Au- 
tomatic Starters meets the majority of requirements 
of general purpose applications. Their safety fea- 
tures and small size make them particularly suit- 
able for mounting on machines. 


Whether for motor starting and stopping by opening 
and closing the line circuit, or by push button con- 
trol—these starters furnish a combination of conven- 
ient operation, high quality, and low cost that makes 
aman always sure that his purchase of them was 


“mighty good buy.” 


It is well worth your while to ask our nearest office 
for complete details about these devices. 


CR 4012-C1 


For line circuit control. For pilot circuit control, For pilot circuit control. 
With built-in line switch, With builtin line switch. 


ectric 


‘Sales Offices in 


Schenectady, NY, Co orm bd any all large cities an 








December, 1922 INDUSTRIAL ENGINEER 





Let these examples suggest how a Type M Transformer can 
be of service to you 










Sign Lighting 





Stop Motion 
Operation 





yer Lighting | 











220Volt Supply pi fh, 


q "ig 

10v: 10V: 
Seas 
Ee [— ¥ _] tighting tone 


220 to 110 volts 


























BS; 
eee ry 


~ 2to 3 Phase 





—And 


For many other applications 


Whatever your need for alternating current— 
small capacity at low voltage—it can be supplied 
with a Type M air-cooled transformer. 


“ee Type M sizes range from 15 to 5000 watts, upto 440 





Type M Auto transforr- 
volts primary. They are attractively designed, 
construction can be for indoor or outdoor service, 
and practically all ratings can be supplied with 
conduit fittings, if desired. 


Developed from a uniform line of parts, hundreds 
of ratings of Type M small transformers and auto 
transformers can be built ata minimum cost of 
manufacture and engineering. Therefore, should 
the requirements be outside the standard ratings, 
specials can be readily secured. 

Your request should state the voltage and frequency 
of the supply circuit available, the voltage at which 
the energy is to be utilized, and the amount (kv-a.) 
sssas moeiialeibiiainings to be transformed. Write the nearest G-E Sales 
phase Auto-transformer Office for descriptive sheet 65105. 


General Electric 


goles Company irae .. 
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Wire and Cable for All Purposes 


The experience gained in the manufacture of the wide 
variety of insulated conductors called for by the Gen- 
eral Electric Company’s apparatus and in meeting 
the requirements of all classes of electric power 
stations, electric railways, etc., enables the General 
Electric Company to offer.a wide range of correctly 
designed and manufactured insulated conductors. 
From the original 110 volts working pressure, insula- 
tion requirements have increased until 35,000-volt 
cable in large quantities is now manufactured. 


Bulletin No. 49305 contains valuable information on 
this subject and will be sent upon request. 
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It is admitted that a fuse is as temperamental as 4 
girl; it always does the unexpected. 


That is the reason that one manufacturer in one 
of our most important industries protected over 
four hundred individual motors with an Overload 


and Time Lag U-RE-LITE Senior or Junior. 


Manufacturers today must use dependable appa- 
ratus. This is even more true where safety to the 
operator is a factor. 


Do you know about the U-RE-LITE?P 


ESTABLISHED 1888 ( . PHILADELPHIA 


1824 HAMILTON STREET 





INO 











PROTECTION UP TO DATE 


This book contains more real informa- 
tion about the latest method of protect- 
ing electrical’ circuits and equipment 
than ever before has. been. put between 
two covers. It tells the important story 
in a most unusual way. It is yours upon 
request. ; 
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~ STICKIN’ TO IT 


Like the old prospector’s mule, the CONDIT 
D-12 Oil Circuit Breaker can be counted on to 
“keep goin’” where the going is rough. 


The rugged “tank per pole” construction, high 
head of oil over break, large expansion chamber 
and rapid acceleration are features which provide 
in the CONDIT D-12 an oil circuit breaker cap- 
able of safely rupturing circuits of high amperage 
at pressures up to 15,000 volts—yet so designed 
as to require relatively small space. 


Get Bulletin No. 418 
CONDIT ELECTRICAL MFG. CO. 


Manufacturers of Electrical Protective Devices 
Boston 27, Mass. 
Northern Electric Company 


Sole Distributor for the Dominion of Canada 








Interrupting Capacity 1,200 Amperes—15,000 Volts; 


Spectficat 10NS ‘ 300, 500, 800 and 1,200 Amperes. an 
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“They're All Aliket?’ 


J 


There are many products like wire, in that the 
average man regards different makes as all alike in 
quality. “It’s a standard article,”’ he says, “‘and 
one’s as good as another.” 


Wire is not all alike; there are important differ- 
ences in materials, in methods of manufacture, and 
in the service rendered in use. 


These differences represent actual tangible value 
in the service rendered. More rubber, better cotton 
braids, better finish, absolute uniformity, are the 
details that have established the PARANITE reputa- 
tion among the users who set their standards high. 


Thirty-two years of manufacturing experience 
has amply justified our original belief that the high- 
est quality possible was the only grade of wire 
worth making or using. 


PARANITE is “more than code requires’, in 
every detail. 


Indiana Rubber & Insulated Wire Co., 


Jonesboro, Indiana 


Chicago Office: New York Office: 
210 So. Desplaines St. The Thomas & Betts Co., 
63 Vesey St. 
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For Greatly Increased Production 
Watson Multi-Speed Motors for Machine Tools 


600, 720, 900 and 1200 revolutions per minute 
are significant in connection with machine tool 
motors. 

Through close co-operation with machine tool 
designers The Louis Allis Co. engineers have 
applied and perfected MULTI-SPEED squirrel 
cage motors. 

Through co-operation with controller manu- 
facturers they have found simple and reliable 
means of controlling these motors. 


The result is a real accomplishment, and we 
now offer WATSON “MULTI-SPEEDS” for 
machine tool driving, providing speeds of 600, 
*72,0,900 and 1200 RPM efficiently, simply and 
dependably. SPEED INCREMENTS of 20, 25 and 
3314 %, approximating a geometrical progression, 
materially simplify change gears. 

Bulletin No. 403 gives further details on 
WATSON “MULTI-SPEEDS” for A.C. circuits. 
Weshall be pleased tomail youa copy upon request. 


THE LOUIS ALLIS Co. 


formerly THE MECHANICAL APPLIANCE respira 
ESTABLISHED 1901 





L-A Motor 


MILWAUKEE, wis. 








Watson Motors 
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|LOCKS with 
a key 


LIMINATE the last two of these lamp 
bulb exterminators by installing HUB- 
BELL locking lamp guards. These efficient 
“Guardians of Light” provide your lamp 
bulbs with absolute protection from unau- 
thorized removal and breakage through 
carelessness. They are made of heavy steel 
wire, electrically welded and tin coated—and 
each one locks with a key. 


They may be had for both brass shell and 
porcelain sockets and for reflectors. 


Save your lamp bulbs! A copy of Cir- 
cular 192 will show you how. 


HARVEY HUBBELL 


ELECTRICAL 8 3 SPECIALTIES 


BRIDGEPORT x CONN. U.S.A, 2337-0 





























Guard 5765 for porce- 5730 — a Fo ae guard Guara 5764 with side 5685 is a locking guard 


lain sockets—with side for standard porcelain reflector fits all brass fitti: all brass shell 
reflector. sockets. shell sockets. ; sockets, 





EE ET—T— ee 
ELECTRICAL SPECIALTIES 
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single phase 
Duncan Model 


Switchboard type 
watthour meter, 

M2A. Switchboard polyphase meter. 
Using this type meter for a check 
on total power consumption gives 


Polyphase meter in standard case, 
a check on the entire system and 


adapted to use for departmental 
metering. 















on power purchased. 








Everything Else is Accounted For 


except electrical energy! 


We know of an ably-managed manufacturing 
plant where careful accounting and control 
keeps track of everything that goes into pro- 
duction, giving accurate information on the 
working of the entire establishment. Materials 
and labor are rightly regarded as so much cash 
and are not allowed to be wasted. 

Yet this plant is spending more for power 
than is necessary and nobody knows it. Elec- 
trical energy is being eaten up in under-loaded 
motors, low power-factor, one or two poorly 
arranged drives for machines, and in too much 
current for lights. 

All these things are using power that delivers 
nothing of value in the production of the estab- 


lishment. Every watthour of energy used, 
including that thrown away, is paid for in cash, 
yet machine screws and wire nails are more 
carefully accounted for than electricity. 

With a watthour meter in each department 
or section of the plant these wastes would be 
made plain and the reasons for them removed. 
A few changes in arrangement, attention to the 
drives now in poor shape, and the savings 
would permit a greater profit or a lowered 
price of the products. 

Do you know how electrical energy is being 
used in your plant? Are you more careful of 
oil, cotton waste, and solder than of your 
power? 


Duncan Electric Manufacturing Co. 
Lafayette, Indiana 





UNCA 





Walthour Mefers 
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END SHIELD 


TYPE NC MOTOR 


Every care has been taken to prevent the two most important 
troubles with motor bearings. 


1—TROUBLE WITH IMPROPER LUBRICATION. Every 

bearing on a Type NC Motor has two oil rings. One ring is sufficient 

to oil the bearing. The second ring is a factor of safety. All oil wells 
-are made larger than engineering practice demands. 


2—OIL WORKING OUT OF BEARING AND CAUSING 
TROUBLE IN STATOR COILS. The oil rings and wells are so 
designed that no oil is thrown onto the bearing cover and oil is only 
found in the oil well and on the shaft. Double oil slingers with large 
return ducts are used so that oil does not escape along the shaft. There 
is therefore no oil vapor or loose oil to be sucked into the motor by the 
fan action of the rotor. 


Write for Catalogue 1045 


THE ELECTRIC CONTROLLER & MFG. CO. , 


BIRMINGHAM ~BROWN-MARX BLDG. PHILADELPHIA -WITHERSPOON BLDG. 
CHICAGO-CONWAY . BLDG. CLEV ELAND, OHIO PITTSBURGH-OLIVER BLDG. 


CINCINNATI ~/:NATIONAL BANK BLI6. LOS ANGELES-O.E. THOMAS CO, SAN FRANCISCO-CALL BUILDING 
DEN VER -ENGINEERS BLDG. AMERICAN BANK BLDG. SEATTLE-524 AVE. SOUTH 
DETROIT ~DIME BANK BLDG. NEW YORK-5O CHURCH ST. TORONTO - TRADERS BANK BLDG. 
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A 
NATIONAL 

ELECTRICAL 
SERVIC E 















Power Apparatus 
Lighting Equipment 
Intercommunicating 

Materials 
and 
Supplies 
are stocked 
near you 





The Plant Engineer can simplify his job of 
providing continuous low cost operation by 
using the nearest Western Electric Distrib- 
uting House. 





Company 


OFFICES IN ALL PRINCIPAL CITIES 


estern Electric 











alle 
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Cowan Electric 
. Lift Truck Com- 
ing Down Steep 
Ramp — 164% 
Grade. 









Unusual Stability 


A Cowan Feature of Advantage 


Steep ramps and sharp turns speedily taken hold 
no terror for a Cowan Electric Lift Truck. 







No danger of a nose-dive, coming down a steep 
incline. No chance of throwing a load, turning a 
sharp corner. 













Unusual stability through exceptionally low 
center of gravity is a Cowan feature of great ad- 


COWAN TRUCK COMPANY — 
12 Water Street, Holyoke, Mass. There are many other Cowan features of equal 
N. Y. Office: Grand Central Palace advantage in electric lift truck service and main- 
Offices in Principal Cities tenance. A Cowan representative will gladly 
Largest Manufacturers of Complete Hand and explain them to you or we shall be pleased to 
Electric Industrial Truck Systems. mail you Bulletin No. 5. 


2063-N 


COWAN trvexs-reactors 


Originators of the “through ticket” system for moving loads 
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ROME WIIRIz 


The Endurance that is Built into 
ROME “SUPER SERVICE” CORDS 





We left it across a ma- 
cadam roadway, «under 
heavy traffic, for 120 
days. It came through 
unharmed. 





We tossed it about in a 
concrete mixer, with sand 
and gravel and sharp 
stones, for 32 hours. It 
came through unharmed. 











We gave it 11,000 acute 
flexures in a_ steptoe 
shaper. It came through 
unharmed. 








We used it as towline on 
a heavy touring car. It 
came through unharmed. 





















<a> SUPER SERVICE <@> by eS — 


TWO-CONDUCTOR 


o> SUPER SERVICE 








FOUR-CONDUCTOR 














ROM the copper current-carrying 

core outward to the vulcanized rub- 

ber sheathing—into every milli- 
meter of Super Service’s cross-section 
is built endurance. 


The conductors are made up of a large 
number of thoroughly annealed fine 
bare copper wires, laid up rope strand 
for maximum flexibility. Each conduc- 
tor, covered with a close wind of fine 
cotton, is insulated by a code thickness 
of high grade 30% rubber, finished with 
close cotton braid. These separately in- 
sulated conductors, cabled together with 
strong cotton cords, are covered with 
two layers of Super Service tire-tread 
rubber, with a strong cord insert be- 
tween layers. The rubber sheath being 
elastic, these cotton fillers eliminate 
stretching and prevent elongation of 
the copper conductors. Full and con- 
stant carrying capacity is thus assured. 
The final process is vulcanization under 
tremendous pressure. 


That is why “SUPER SERVICE” en- 


dures. 


Send for a sample to test out 
in your own way. 


ROME WIRE COMPANY 
Main Plant and Executive Offices: Rome N. Y. 





“Diamond ” Branch: Buffalo, N. Y. 

DISTRICT SALES OFFICES: 
Boston Little Bldg. 
eee 50 Chi St. 

CB Q0............ 14. E. Jackson Blvd. 
ENE acesescdintrcneseinsay 25 Parsons St. 
Los Angeles.............. J. G. Pomeroy, 

336 Azusa St. 
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TRANSFORMER 


Dependability 


Is the characteristic of supreme im- 
portance for industry today. Continu- 
ous employment of productive labor is 
the very essence of efficient production. 
Delays due to whatsover cause result in 
burdensome overheads. 


Packard Transformers are in that 
class of equipment which, due to their 
recognized dependability, are partic- 
ularly well adapted to industrial con- 
cerns in this competitive era. 


For over thirty years we have special- 
ized on a limited production of better 
transformers. The fruits of this experi- 
ence are at your service today. 


If you are interested in learning where 
our transformers are being used we will 
be glad to send you an illustrated bulle- 
tin which we have published featuring 
some representative installations of 
Packard Transformers. 


TO ohesih. Warren, Ohio 


Clediic Company 














Typical bank of 





Transformers. 


















ew Switch! 
si An /nproved 
— Push Button Starter for 


Squirrel-cage Motors 


Anenclosed, Across-the-line Switch which marks 
a notable advance in starter construction by of- 
fering the following big advantages to the user. 












0 > 


Overload Two Allen-Bradley Type N-301 inverse-time-limit 
Protection relays give unfailing protection to the motor against 
overload, but are unaffected by starting currents of 
short duration. Removable dashpots make adjust- 

ments easy. 


No-Voltage Voltage failures or overloads trip the contactor which 
Protection protects the motor. The motor cannot start unless 
the operator recloses the starter from the push- 
button station. Absolute protection is thus provided 

against accidental starting. 


Are Shields _Flashovers are prevented by the use of arc shields 
and Blow- and blow-out coils, an unusual provision in a small 
Out Coile switch. The arc shields are not disturbed when the 
cover is lifted for inspection, another safety feature. 


Copper- Copper-to-copper rolling contacts, maintained under 
to-Copper stiff pressure while in contact, assure adequate ca- 
Contacts pacity under all loads. The arc shields swing back 
and permit easy examination of the contacts at 

any time. 


Quick-Act- The contactor-arms are mounted on a single cross- 

ing Clapper piece attached to the clapper-arm. Light weight 
combined with ruggedness is thus obtained, and 
results in a quick-acting clapper so essential in a 
small starter. 


There are thousands of alternating current motors, up to 10 horse- 
power, already installed or awaiting installation which need the pro- 
tection of the Allen-Bradley Type J-1552 Switch. Avoid delays 
from fuse blow-outs and prevent accidents to workmen by specifying 
Allen-Bradley Type J-1552 Switches for your motor jobs.’ The price 
is low—not much more than a good fused safety switch. Send for 
the latest bulletin today. 





The Price Is Surprisingly Low 


The price of the Allen-Bradley Type }-1552 : Co. 
Switch is so attractive that you cannot af- bp 
ford to use a fused, hand-operated start- Electric Controlling Apparatus 


ing switch. Be sure to get the latest price 


sheet before quoting on new jobs, 491 Clinton Street Milwaukee, Wis. 


Manafacturers of Electrical Control ‘Apparatus for over 20 years 





TYPE JIGGZ 


ACROSS-THE-LINE STARTING SWITCH 
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THE PLACE OF THE 
ENGINEER 


ITHIN the memory of the elders of today this 
nation has turned from a land of scattered agri- 
culturists to a compact unit of industrial produc- 
tion. And this in the face of a multiplying population with 
multiplying food requirements; in the Soe of increased acre- 
age with increase output per acre. 
d, The change has come through the coming of a body of 
men known as engineers, who have delivered us from the 
consuming losses of chance by giving us the science of con- 
trolled and directed effort. 
d These engineers have reduced the proportionate popula- 
tion of the farms through providing the farmer with mechan- 
ical means of replacing human labor. 
@, They gave industry impetus through providing it with 
equipment designed to construct the machinery and other de- 
vices required by the farmer, as well as to meet the enlarged 
needs ste congesting urban population. 


@, They have put machinery to do the drudgery of detail in 


office, store, factory, farm and home. They have put methods 


into management, facts where guess-work had been, knowl- 
edge where ignorance had taken toll. 

d, These engineers, of whom we hear so little and upon 
whom we are daily becoming more dependent, have carried 
out a successful and constructive revolution which has turned 
this country into the greatest of industrial nations. 

dl Today they are making themselves felt in the reconstruc- 
tion of our standards of intercourse, in the improvement of 
both social and industrial laws, in the betterment of ethical 
and moral principles. 

@, They have earned this position of influence through hav- 
ing analyzed the purpose of life and through the evolution of 
a science of progress founded upon fact, 

@, You will do well to follow the activities of the engineer. 
Your future depends upon him, not merely your financial 
success but the revaluation of our world and its progress out 
of chaos into sound prosperity. 
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ENGINEERS OF BUSINESS 
The Public Accountants | 


Sage you will do well to consider another group of men 
whose activities are comparable to those of the en- 
gineer and whose work is the deduction of Facts from 
Figures, and the practical, timely and systematic appli- 
cation of those Facts in industry and business—the Public 
Accountants—Engineers of Business. 


Organization, System, Method, Control, irresistible factors 
which determine the value of success, depend upon their 
service. 


Theirs the power to make figures talk, telling of things as 
they are. They the guides, and the guards to progressive 
action. Thru their efforts, Ignorance, Gamble and Guess 
are eliminated; Mistakes, Inefficiency and Waste disap- 
pear; Profit is assured, and Loss prevented. 


The cornerstone of Credit is their Complete Audit. 


Their monthly Balance Sheets and Operating Statements, and 
above all, their Business Budget, are the safeguards against 
Over-Production, Over-Expansion and Over-Expenditure. 


They have made Cost Accounting a science—and absolutely 
necessary to manufacturing success. 


Inventory troubles are cleared by their simple Systems. 


Sales Promotion is blind without their Scientific Market 
Analysis. 


Tax Problems seem to settle themselves thru their practical 
knowledge of the law and their understanding of figures. 


While their Business Graphics put before the executive a 
moving picture of his business activities. 


ERNST & ERNST 
AUDITS — SYSTEMS — TAX SERVICE 


A National Organization with offices in 36 of the Largest Cities. 
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Beston the Puinkot- 


Hone Betts 


The -Segur Coil Winding Machine is thus The Mechanical Appliance Co., Milwaukee, The Dayton Armature and Stator Co., 
rated by the Roland T. Oakes Co., Holyoke, put their O. K. on the Segur line. Dayton, Ohio, are more than pleased with 
Mass. the Segur Coil Taping Machine. 


The Three Steps of Coil Making and 
The Three Methods Approved by 
Three Different Shops 


Large industrial users of motors often find their motor mainte- 
nance too big a proposition for small repair shops, while others are 
too isolated from such shops to make their repairs economically. 


A number of these industrial plants, such as mines, manufacturing 
plants using direct power, steam and electric railroads and govern- 
ment departments, have been doing their own motor maintenance 


for some time with Peerless Armature Repair Machines and Segur 
Coil Winding Tools. 


Electrical engineers in such industries should send for the Segur 
and Peerless data sheets. 


EXLECTRIC SERVICE SUPPLIES CoO. 


Manufacturers of Railway Material and Electrical Supplies 


PHILADELPHIA NEW YORK CHICAGO 
17th and Cambria Streets 50 Church Street Monadnock Building 
Branch Offices: Boston, Scranton, Pittsburgh. Canadian Distributors: Lyman Tube & Supply Co., Ltd., Montreal, Toronto 
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Sundh PRI-ZIS-TOR Starters 


for 


Automatic and ‘Accepte y . 


Manual Control Devices 
applied to new uses 


As the name implies, this is a PRImary reZIStance 
. type of star[TOR—the simplest of types—and the 
Squ irrel Cage PRI-ZIS-TOR is the correct interpretation of this 
type. 

. At start there is connected to line a circuit consist- 
Induction Motors ing of motor and the resistors in series with motor 
primary. These resistors are short circuited in 
balanced steps as the motor accelerates. 


of Polyphase, 








This simplicity over compensator or auto-trans- 
former types will be appreciated by 


Factory Engineers 


—because it insures quicker and smoother ac- 
celeration—has no “dead point’’—provides 
for a gradually increasing voltage on the motor 
itself—and can be furnished for any number 
of starting steps. 












All lines are opened in the off position—safety! 
Enclosed in steel box with interlocking door 
—safety! 


Central Station 
Engineers — 


will find in this another corrective 
for line disturbances since the power factor at 
start is much higher. 


Write for 
Blue Prints 


SUNDH 
ELECTRIC 
COMPANY 


No. 5 Avenue C 
NEWARK, N. J. 
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IMPERIAL 
~ COMMUTATOR 
STONES 


Are guaranteed to save you 
at least 3 times their cost or 
we will cancel the bill and 
pay transportation charges 
both ways. — 


THE MARTINDALE ELECTRIC CO. 


11709 Detroit Avenue 
CLEVELAND, OHIO, U.S eAs 


IF YOU 
WANT A COPY 
OF THE 
CARBON BRUSH 
MAINTENANCE: 
AND 
TROUBLE CHART 
WHICH APPEARED 
IN THE 
OCTOBER ISSUE 
RETURN THE 

COUPON—» 


Y 
COMMUTATOR 
SLOTTING 


FILES 


Do rapid, accurate work. 
They cut a “V”’ shaped slot 
that will not collect dirt. 
More than 2000 firms are 


using them. 


THE MARTINDALE ELECTRIC CO. 
11709 Detroit Avenue 
CEEVELAND , OHIO; U,, Seah. 


BUY IMPERIAL— 
BANK THE SAVING! 


THE MARTINDALE ELECTRIC CO. 
11709 Detroit Avenue 
CLEVELAND. OHIO. U.S.A. 


Gentlemen: 


Without obligation on my part please 
send me information regarding your. 
products and include 


the Brush Trouble Chart. 








Company 





Address 
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AZDA JAMPS | 


alia 3 


Westinghouse Lamp Company 
165 Broadway, New York, N. Y. 


Sales Offices and Warehouses Throughout the Country 
For Canada: 
Canadian Westinghouse Co., Ltd., Hamilton, Canada 


ghting 
Westinghouse 





tin: 
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Many manufacturers, in the past, have 
felt that the industrial lighting ques- 
tion was solely a matter of good lamps. 
But the fact is that in addition to good 
lamps there must be also the scientific 
use of lighting devices; for proper 
lighting practice will not only get bet- 
ter efficiency from current and labor, 
but it will actually make better light- 
ing pay for itself. 

Poor lighting is much more expensive 
than good lighting. Good lighting 
means not only savings, but it also 
means more earnings, because it pro- 
duces definite and measurable increases 
in production. The average results, 
computed from records made in hun- 
dreds of plants, show production in- 
creases of 12%. This means that the 
same amount of lighting current makes 
possible, often without the worker’s 
consciousness of it, better and faster 
work. For with the increase in produc- 
tion goes an average decrease in spoil- 
age of 25%! And over and above these, 





George Cutler Works 








WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY 


—'Westingh 
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Not Just Lamps 


thrown in for good measure, so to 
speak, another decrease of 25% in acci- 
dents! 

The investment required to produce 
these and many other benefits is so 
slight that it is in practically all cases 
the lowest overhead charge on the 
books. The manufacturer who tries to 
cut the cost of this lowest item saves 
himself but a few dollars at the most; 
and he does so at the expense of the 
two largest cost items on the list;— 
labor and material. 





WESTINGHOUSE 
ELECTRIC 





Only a general discussion of this sit- 


uation is possible here; but a wealth 
of facts and figures is available for any- 
one who will ask for them from the 
Illumination Bureau at the nearest 
Westinghouse office. Not only will this 
information be gladly supplied, but a 
survey to determine the exact savings 
possible in your own plant will be un- 
dertaken for you, without obligation, if 
you wish. Here, in plain language, is 
an opportunity! 


South Bend, Indiana 










ouse 


© 1922 W. E. & M. Co. 





26 INDUSTRIAL ENGINEER Vol.80, No.12 





Type S 


The Disconnecting Switch That Never Fails 


Liberal Design 

Conservative Rating 

Rugged Construction 
These characteristics of the Type S line of disconnecting switches 


have been confirmed by exhaustive tests and proved by actual 
service records in the largest and most important generating 


Spell—Reliable Operation 


stations. 


Westinghouse Electric & Manufacturmg Company 
East Pittsburgh, Pa. 


Westinghouse 
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MAINTENANCE SERVICE REPAIR PARTS. IOOLS anp SUPPLIES 










In the maintenance departments 
pon commercial electrical repair pe the range of the work that 
n be done and the F perce arog that are possibile depend on: 
oat) The ability and experience of the maintenance man. 
(2) Adequate hand and bench teols and shop equipment. 
(3) A well-balanced stock of spare units, parts, wiring 
plies and raw material used in repair work, 
Here then is a directory to the needs of the maintenance man 
under items (2) and (3) that he can use when he must have 
things in @ hurry on an emergency job and when ordering for 
stock to meet his re; 





of ev 


gular maintenance requirements, 


ry industrial works and in 


sup- 




























ROCKWOOD _ 
Paper Pulleys 


In Stock ~Ready to Ship: 


Because of their end-grain fibre 


construction, Rockwood Paper 

deliver ‘All the Power—all 
ime’. We carry all sizes in 
stock—from 2in.diameter to 12in. 
diameter — for immediate ship- 


Pulle 
the 


ment. Write us. 


CHICAGO ELECTRIC CO. 


740 W. VanBuren St., 





Chicago, Ill, 














Write for this 


Data Form on the 


FLOWER BRUSH HOLDER ——— 


for motors, rotary 
converters — genera- 
tors, and dynamos. 
500 different types of 
brush holders — ‘to 
meet any _ require- 
ments. Low prices, 
high quality work — 
quick deliveries. 


D. B. FLOWER 


1217 Spring Garden St., Philadelphia, Pa, 














COCOCOCROUCCCOCCCORCCCRRCRRCECCRSCCEROCECRCROSRCeeteeeeeeeeteRteeceneN 








m 





No. 200 
Short Glove 


steadily 


c about 


Some maintenance men ae an asbestos glove 


The nature of their work in the mill or factory 
makes it the logical glove for every day use. So we 
have designed (especially for 
an asbestos glove of which any works manager or 
aster anic may well 


Take your choice—asbestos 


gloves or steel grip gloves 


Meanwhile the popularity of our steel grip gloves is 
Maintenance men who never 

thought an industrial glove necessary are most en- 

thi “‘Steel-Grips, 

You’ll know why after you have read our catalog. 

Send for a copy today. 


Industrial Gloves Corporation 
2645 No. Maplewood Avenue 











PITTI 





Simplest Compressor on the 








reas Market 
be Blast 
aa, The Janette Type E Automatic 
Beyer | frenely stile, wel bud 
treme. simple, well- 

g last a life M 
——_—_—_————__ single or double lies models. 
It’s portable, weighs but 38 Ib., and can be u 

wherever there is a lamp socket. 
It starts and stops automaticaily at any pressure 


up to 50 lb. with 10 Ib. variation. 
Can also be furnished as a vacuum pump. 


Janette Mfg. Co. 


560 W. Monroe St., hicago, Ill. 
149 Broadway 1149 noes Bldg. 
New York City Detroit 
639 Real Estate Trust Bldg., Philadelphia 








the maintenance man) 


be proud. 





0. 605 
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No. é 
Short Glove 


Chicago — 
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Manufacturers 
of 


. 


Commutators 
All hard drawn cop- 


per commutators. 


Copper drawn in our 
own mills. 


For details write to 


A. Fox Electric & Mfg. Co. 


175 Grand St. New York City 





SUCCEROEEOUECCUCOUNOCECOSRCOREOOECGOCESUGROGOECUUCUUEROGHRCGUQUGEROROG 
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| 
Radial Grinder & Drill 
— for Abrasive, 
=: Buff, Scra tch 
? Brush. All sizes. 
Write for Bulletin G-1 
Stow Mfg.Co.,Inc. 


mets ey oS N. Y. 
U. 8. 











7 WASHINGTON 
D.C. 


A 


USE 
THIS BASE 


FOR 


DIAN soe SPIES 












Aetna Commutator eseailition Simms 


Keep the surfaces of your commutators smooth, true 








and polished with Aetna Commutator Stones and you 
will avoid many costly shut-downs and armature burn- 
outs. 


Send for a sample stone and price list. 


THE AETNA ABRASIVE CoO. 


1463 W. Ohio St., 





CHICAGO, ILL. 
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ee of 
ELECTRICAL SUPPLIES 


Motors and Generators 
New and “Nagel Rebuilt” 





Seceeueeeenetane PTTTTITTI ceceunues tose 


AURAND 
Commutator Slotter 


Announcing the 


Polishers, Tire Buffers, 
equipped with Timken Tap- 
ped Adjustable Roller 
Bearings. The products of 
28 years’ experience. Made 
in all sizes and _ types. 
Liberal long term pay- 
ment plan. Agents wanted. 








& 
| 


High-Grade Electrical 
Repair Work 


Unbeatable ior speed and 
te PEwens eT 
Green Equipment Corp. See. CHD. 
Monadnock Bldg., Chicago = PTITIIIIIIIIIIII tether 


ill in and mail this coupon for the Aurand = SCUURGUEECECOCTOSEERESAECESERCOERECRESEERECERECESCCCSECCCSESESCRESSERSERREEEERETH 


F 
Commutator Slotter Catalog. Do it today. 


= A NEW INDUSTRIAL SERVICE 








POPDEUOERRODDADODROSEROOSRGOREROROGUGEGEOECRROOEROCEREORRORGRORODORGORURORARRORRGROGRROROROROOOES 


|.) aes SR RSS é : = : 

pen ns eee rate ae One eee = : The January issue of Industrial Engineer— : 

= = Don’t miss it! = 

NOUS es tat = = 3 
$s : Cleveland 
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Armature 


Works, Inc. 
4732 St. Clair 


SOMETHING NEW 


Chrome Hand Leathers and Chrome Aprons will not burn or tear, wear Ave. 
like iron. Write for samples and prices. Cleveland, 
Ohio 


CALIFORNIA TANNING COMPANY, 
Dept. H, 1905 Shenandoah Ave., St. Louis, Mo. 


CUODUOORUOODDOOOOOOOODOOOOROEOOERS 
LEETITIIIITITIIIIIII III IIIITIIiliiiiililiiiiiitiiititiiiiiiiiliililisiiilitiiiiliiililliliiiiiliiiiiiiiiiliiiililiiiiiiiliiiiiiiiiiiiiiiiii iis 


sauuenencenes tteeaeseess CUUeECOROREeeeee PTITITI TTT T Lilli ii iiiiiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiii 


To Assure Efficient, a: and Reliable Welds 
tilize 
ALLAN POLYPHASE ARC WELDERS 


Allan Manufacturing & Welding Co., Inc. 
Buffalo, N. Y., U. S. A. 


SUUDOOOORDDROGDODRODROGODOROOOOROROODD 


C. A. W. Grinders, Buffers 






WITITITITITITTTTTITTTTT TTL Fennasecescccnccccascvcsscenccsccsccescnsoccecnescccecscccccccscocsessses sn00e 


PPITTTITI TITTIES ies 








Ideal 















Keep 
Commutators 


Always in Good Condition 





























eet NX Motor and generator commutators and slip rings can 
Comair ™ be kept up to maximum efficiency with the least effort by 
Dresser Co. XN the use of Ideal Commutator Resurfacers. Truing up and 
5325 N. Western Ave. polishing every few months with an Ideal Resurfacer 

Chicago ~~ Saves expensive repairs and losses due to damaged 
Gentlemen: Please Pilg commutators. 
send me an Ideal Commu- The Ideal is a manufactured abrasive block of equal 
ste eaadisan tae teen that. density and hardness—used to cut high bars, high mica 
I want to use it on equipment as \ ee and high ridges; also to level flat spots and grooves. 
follows: es The Ideal is the universal resurfacer with long-wearing 
ee et ET. Diameter of \ qualities, and does not pick up copper. Fill in the coupon 
Commutator or Ring ‘: and let us show you how to save money. 
Approx. distance between brush sets...................--. ~~ 
Condition XN 
Collector Ring or Commutator material he Ideal Commutator Dresser Co. 
wk cea Nee aa So a aie aa a cas Sac a a ‘ " 5341 N. Western Ave., 
Company..... Company address ° 

? ba oP] Chicago 
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City State... .. | 
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Dossert 
Connectors 


Ls 





Making solderless connections 2-way, 
showing detail 


LO TMC cI Te 


How You Can Save 


The Dossert Solderless, is the standardized 
method of making electrical connections—be- 
cause the: Dossert Tapered Sleeve principle is 
the accepted method of giving better conduc- 
tivity at the joint than in the wire itself. 

The Dossert 15th Year Book shows you the 
economy of using these connectors for all your 
wiring. 


LY BOOK 


Dossert & Co. ‘ 


242 West 41st Street 
New York, N. Y. 














ee rTM MMMM LLL LOU OMT 


FREE 


STiIMUAEAUUNNUNGUUAUAEUOEEAUULAUAOAUOENCUUUUAAEEEUOOOU OAUTH 


GTM LMT 
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Transmit ALL The Power | 


Paper Composition Pulleys transmit practically 
twice as much power as iron pulleys, and 50% 
more than wood pulleys. Because of their perfect 
belt face they reduce slippage to a minimum. They 
also reduce belt tension, and so save power losses 
due to tight belts. 


DTT 


Paper Composition Pulleys 


are oil and water proof. They will not fray or tear. 
They are absolutely safe even at highest speeds. 
Lighter in weight than ordinary paper pulleys and 
furnish far better belt contact. Write for litera- 
ture and get our in- 
teresting figures. 








Composition 
Wood 

Products 

Company. 


10 S. La Salle St. 
Chicago, IIl. 


: Stops Slippage 


Saves Power ) 
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FOR THREADING CONDUIT ONLY 






CT TTT TTT 


Water and gas pipe threads must be tapered so 
the joint will be leak proof. Electrical conduit 
threads, on the other hand, require to be straight 
for a greater portion of their length with only a 
short taper at the bottom. We can now supply a 
tool especially designed for conduit threads from 
1 to 2” in size that will do the work perfectly and 
easily. It is a ratchet tool with narrow receding 
dies and is just what you have been looking for. 





Order it from the nearest plumbing or mill sup- 
ply jobber, and tell him you want the special 
“Toledo”? Ratchet Conduit Threading Tool, capacity 
1 to 2”, inclusive. He will see that you get what 
you order. 


THE TOLEDO PIPE THREADING 
MACHINE Co. Toledo, Ohio 
New York Office, 50 Church St. 





Se RIITCLLUULLL MMMM 


AVUUUUILONUNNUUUUCEUTEEAUUAUUOAEEEAOOOUASEGUUUUSHAAAUUAOUONEEEUAUUUA TG EEA AOU EA HAUTE AU AEGAN 


ETUNNNNNUUULULUUUGUULUAUUULOUUUNUOUAUUYEOUEUGUOUG HSU UEGESAOULUO GP EPEUAOAUA EEDA ef 


Nie: 


SXUUUVNNNNANNUOADNEASGUUSTONDAULANASONOANUOEAAAAGETOAO ASANO TANNA TENANT Hee 


DID YOU GET 


your sample can of 





Electric Lacquer 


(Reg. U. S. Pat. Off.) 


If you haven’t gotten it yet you have 
missed out on a real bonafide offer. 
Here is a black finishing coating for 
armatures and fields that will protect 
windings from dirt and grease—that is 
impervious to oil and moisture, that air 
dries in 30 minutes, and that will 
brighten up your windings. To get 
your can, just clip the coupon. 


CQURCCOUUROREORCERECERSSROCOOCRRCRORSRECOCOOCURCOCEECCRCERGSROCEORCRECERURRDSCROSCRRRCGHRRCSRESRRRRSCCRRRRRRteeeeeeeL 


JOHN C. DOLPH CO., 
168 Emmet St., Newark, N. J. 


Send me a sample gallon of Dolphs Electric Laquer and bill 
me. If for any reason this does not prove satisfactory after 
30 days trial I shall be pleased to accept your offer to refund 
the money. 


Name 
Address 








E.R.&I.E. 
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Bob Saves Dave Trouble 
Warns Him to Buy SELFBLO 


LEE By Trade Mark Name 


Bn, 


tf] 








” > 
A tig ME cence! sea 
7 “That’s some Torch you’re using Bob. 
q Let’s see it.” 
“Sure, Dave! It’s a SELFBLO alco- 
- hol Torch. Beats any old-style blow 


torch forty ways. You noticed how 
quickly it got started. In 20 seconds 
: ; after lighting it blows an intensely 

é hot flame, without any bother or time 
lost in blowing and priming with a 
rubber tube.” 


TUUUUCUNUAUECENAUUUUCEEAAUUEUAAAUOOUEUUAU UO EAUUOUU OU ENAOA UU EA AAU EEA TAU 











F Ne “It sure ts good, Bob. I’ll get me 
ES ‘ one.” 
fi SEF o “When you do, Dave, be sure to ask 
: for it by the trade mark name 
: F marenes SELFBLO. Don’t be fooled into get- 





ting a poor imitation. The makers 
have trade marked it and stamped the 
name S-E-L-F-B-L-O on every Torch 
to protect us fellows.” 

“Thanks, Bob, I’ll remember.” 


4 Our National Consumer advertising 
‘ is done to help you, Mr. Dealer. 
: Trade mark goods protect you and 
assure you of satisfied customers. 
The name SELFBLO is our guaran- 
tee to you of Quality and Service. 
Order six SELFBLOS by name from 
your jobber, They come packed in 
a handsome three-color counter dis- 
play container, or write us direct 
—— & for literature and prices. Order 
———~ by trade mark name—SELFBLO. 
Our guarantee is your protection. 


Hunt-Lasher Co., Inc., 66 Willow St., Lynn, Mass. 
Successors to the good will, trade names, trade marks, formulae, etc., of the 
Federal Mfg. Co., of Boston, Mass. 

Southern Representatives: Wetherbee Western Representatives: Graf Sales 

» 1405 Englewood Ave., Dallas, Company, 304-310 Williams Bldg. 
Texas. San Francisco, 


PENTING 











Pie — eee 
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Middle West Representatives: L. W. Canadian Representatives: Walkley: 
Stewart Sales Co., = Dixie Term- Moncar Co., Ltd., 416 St, James St., = 
- ™ = 


. Montreal, Canada. 
AUAUUUUUUUUUUNUUULUEUEONENEN00000000000000000000000000UUOUOUUOUOOUUUOUOUOUUUUAOUEOREGEUUEONOGEOEOGG0000000000000UUOEGUOEUOUUGUaUUaaaeeEHAAT 
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apt VALUE 


PHILADELPHIA 


FACTORY EQUIPMENT 
From Warehouse Stock 


David Lupton’s Sons Company 
Philadelphia 
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The Martin Portable 
Vise Stand and Pipe Bender 


Get a vise stand and pipe bender that 
you can take with you. The Martin 
will save you lots of useless labor. It 
can be carried, knocked down, anywhere 
and set up in a jiffy. It weighs only 50 
lbs. The Martin Portable Pipe Stand 


Saves Time and Labor 


It starids rigidly anywhere without fastening. For 
cutting, bending and threading all kinds of eee 
and conduit, etc., it equals any vise in the world. 
The Martin pays for itself in the labor-saving. 


Write today for particulars and price. 


H. P. MARTIN & SONS 


~~ 623 E. 2nd St., Owensboro, Ky. 
Semester 
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Satisfied Sam told me he’ \ 
has been in the solder- \ 
ing game for a long 
time, and has used all 
makes of Soldering Paste 
—But this Burnley Sol- 
dering Paste has them 
all stopped. He says it’s 
always ready to. use, 
doesn’t creep or crawl 
and follows the heat of 
the iron with a free even 
flow of solder. 


PUVUEUUENUUENEUUEEEOEOUENGNUONELAGONONLGNGUONOUONGOOGOOOOOOUOOOOOOOOGOOOOOOOOOOOOOOOOOOOUOUUOOOUUUOLUOUOOONOOUOUUEOEOOUUONENEOOEROGEOOLEONOSEONOOOOGUO0O0400Q0N0000OQQQUHOOOOUUUUUONUUOUUUUOREE 


I’m going to try a free 
sample. 











— gays a Free Sample 
wi e sent to anyone. + 
Just ask for it. o \ 








The Burnley 
Battery & 
Mfg. Co. 


North East, Pa. 
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PAINE TOGGLE BOLTS 
‘ a 


{ are recognized by the 
largest users as the most 
practical and_ efficient 
toggles. 


le 






“If they will do for many, 
~ they will do for all.” 


ASK FOR PAINE 





Easy name to remember, 
worth remembering. 
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1742 Van Buren St. 


THE PAINE CO. Chicnge 
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“PERFECTION” 
LEAF BRUSHES 





For central-station dynamos and collector rings or industrial 
users. 

“Perfection” leaf brushes are made of pure copper of any gauge 
desired and are assembled, bound and finished carefully in a 


thorough, practical manner. Prices, subject: to copper market, 


on request. 
“Perfection”? (Trade Mark Registered) 


PERFECTION SUPPLY CO., MFGRS. 


= 92-104 Park Place Phone Barclay 9748 New York 
STM nn MMOL 
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OF A SERIES OF ARTICLES PICTURING THE INFLUENCE OF THE ENGINEER IN THE AFFAIRS : \ 
OF THE WORLD. PRESENTED BY THE McGRAW-HILL COMPANY, INC., WHOSE PUBLICATIONS 
HAVE SERVED THE ENGINEER THROUGH HALF A CENTURY OF INDUSTRIAL PROGRESS 











- Coal Age 


Electrical 
World 


Electrical 
Merchandising 


‘Ga 


American 
Machinist 


YOU 
Industrial 
Engineer 

( Published in Chicago) 


HH 
“E ngincering 


and Mining 
Journal-Press 


American 
Machinist 


European Edition 
( London) 

















THE ECONOMY OF 
KNOWLEDGE 


NE of the greatest needs of the world today is for 

accuracy. Accuracy in its teachings, in its actions, in 

its beliefs. This can only come through a knowl- 
edge of economic facts. 


@ A man may learn to drive a nail precisely, but he is a dan- 
gerous man unless he knows the effect of the driving upon 
the materials into which the nail enters. Progress requires an 
exactness of information to meet the needs of this day when 
no man is independent of his fellows. Without this exactness, 
this accuracy, efforts at advancement are endangered, and 
progress becomes speculative. 


@, The great dependency of the world upon its industrial or- 
nization, not alone for comforts but for the very vitals of 
Fife, dictates that haphazard be replaced by knowledge. 


(, Industry exacts known values and processes for its opera- 
tion. And there we have the potent reason for the ever- 
increasing supremacy of the engineer. But a few years ago, 
when demand paid whatever price was required, industry 
threw itself into a fury of production and thought this passing 
whirl-wind of effort was progress. 


@, The cost of this effort has put the world in pawn, and our 
pride of achievement has been pricked by the sharp point of 
reality. We thought we were right. It did not require the en- 
gineer to prove we were wrong. The inevitable backward 
swing of the balance did that. 


C But it has necessitated the service of the engineer to show 
us wherein we were wrong; and how to set about reconstruc- 
tion on the sound basis of facts. 


d, At a costly price industry now recognizes its need of the 
engineer; his judgments, his analyses, his technical knowledge 
founded on economic facts. 

d, And progress is now following the trails blazed by the en- 
gineer for the benefit of all men; for the engineer has proved 
the economy of knowledge. 


—— 


‘4 WL Y. 








Power 


Engineering 


News-Record 


Bus 


Transportation 





Electric 
Railway 
Journal 


Ingenteria 


Internacional 
( Printed in Spanish ) 


Chemical an 
Metallurgical 
Engineering 
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Journal of 
Electricity and 
Western Industry 
(San Francisco ) 
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IPSE DIXIT 
and GALILEO 


There was much learning but 
little real knowledge in Galileo’s 
time (1564-1642). Aristotle was 
swallowed in bad Latin transla- 
tions. Ipsedixit. Noonechecked 
him by what seemed vulgar, 
coarse experiment. | 

Galileo fought inst the 
dead hand of tradition. He did 
not argue about Aristotle, but 
put him tothe test. Aristotle led 
his readers to believe that of two 
bodies the heavier will fall the 
faster. Galileo simply climbed 
to the top of the Leaning Tower 
of Pisa and dropped two un- 
equal weights. The “‘best peo- 
ple” were horrified; they even 
refused to believe the result— 
that the weights reached the 
ground in equal times. 

“Look at the world, and ex- 


periment, experiment,” cried 
Galileo. ° 


The biggest man in the 16th 


General@ 
General Office Company Schenectady, MY. 


century was not Galileo in pop- 
ular estimation, but Suleiman 
the Magnificent, the Ottoman 
Emperor, who swept through 
Eastern Europe with fire and 
sword and almost captured 
Vienna. Where is his magnifi- 
cence now? 


Galileo gave us science— 
established the paramount 
right .of experimental evidence. 
Suleiman did little to help the 
world. 


Hardly an experiment is made 
in modern science, which does 
not apply Galileo’s results. 
When, for instance, the physic- 
istsin the Research Laboratories 
of the General Electric Company 
study the motions of electrons 
inrarified atmospheres, or exper- 
iment to heighten the efficiency 
of generators and motors, they 
follow Galileo’s example and 
substitute facts for beliefs. 


Electric 


95-627-H D 
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Have this 


information 
on 

electric 
repair 

and 
maintenance 
ne 
head— 


Here are six books 
that take up actual 
electrical repair jobs 
and show you step by 
step what to do when 
something goes 
wrong. 


They show you just 
how to go about the 
locating and remedy- 
ing of motor and gen- 
erator troubles, the 
rewinding of motors, 
and the re-connection 
of motors to meet 
any condition of volt- 
age, phase, frequency 
and speed. The six 
books in the library 
of electrical repair 
and maintenance give 
you information that 
you will find of price- 
less value every day 
on every job, if you 
are concerned in any 
way with the care 
and repair of electri- 
cal machinery. 


Sent on approval 
No money down 
Small monthly payments 


The books give you hundreds of 
diagrams. y bring you in con- 
venient form hundreds of sugges- 
tions that will save you time and 
trouble every day. 








Examine This [aaa TO ERan 


Library of 
Electrical Repair 
and Maintenance 

for Ten Days Free 


You can secure the use of these six great books on electrical 
repair work for TEN DAYS’ FREE EXAMINATION. 
When you have seen for yourself what they are and how 
much they could help you, send us your first remittance of 





McGraw-Hill Book Company, Inc., 
370 Seventh Ave., New York. 

You may send me the six volumes of the Electrical Repair- 
man’s Library on approval for 10 days’ examination. I agree 
to return the books postpaid in 10 days or to remit $4.00 then, 
and $4.00 per month for 3 months, 


PAT NES SS I am a regular subscriber to Industrial Engineer. 





(Please print) 
Address 


Official Position 








Name of Company 
(Books sent on approval to retail purchasers in U. S. and 





$4.00. The balance may be paid in monthly installments of Bs 
$4.00 until the price of the library—$16.00—is paid. ‘on sh Er en een 





34 


INDUSTRIAL ENGINEER 


Vol.80, No.12 














Catalog No. 14241 
“SHALLOW” WIRELET BODY 
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T PAYS TO USE 


HAVE YOU OUR CATALOG NO. 33 M? 
WRITE FOR “THICK LEAD” SOUVENIR PENCIL AND 
LITERATURE ON 


Wilts 









Sted City CY 


PITTSBURGH 








Cetra | 


PENNSYLVANIA 
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ee eT No. er 80 
“DEEP"“WIRELET 
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Agent 
Jobber. 


rnin ee 


@) CIRCUIT 
BREAKERS 


The efficiency of Westinghouse 
Circuit Breakers is well estab- 
lished. We carry a complete 
line of these Circuit Breakers 
and are ready to handle your 
Breaker problems. 


ie Ne 


We Also Sell 
Westinghouse 


Lamps 
Motors 


Krantz Safety 
Switches 


Switchboards 
Insulating Materials 
and Tape 
Ventilating Fans 


Cutter Lighting 
Reflectors 


Industrial Heating 
Apparatus 


And all other Elec- 
trical Supplies 








Let Us Supply 
Your Needs 


Write Today 


H. C. ROBERTS 


Electric Supply Co. 
Philadelphia 


Syracuse, N. Y. 
Washington, D. C. 





SMM MMMM 
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SLUUUUUDOUONONGANUNOUUUAUAnagnbneneanacuuavannnvenneaecacenganegsyacneceeentaaty 





MAIN OFFICE 
229 Broadway, NEW YORK 
Offices in Principal Cities in U. S. A. and Canada 
TMM ELLUM HHHHHHOOUOOUPLUU LLL HMMM TTT 


QUALITY IS BEST 


EXPRESSED IN SERVICE 





ROLLER-SMITH INDUSTRIAL TYPE CIR- 
CUIT BREAKERS have no “‘frills and feathers”’ 
on them—they are built for work—hard work. 
They are not highly polished, but they are sim- 
ple and sturdy and have the stuff in them to 
stand the gaff of hard, gruelling, year-in-and- 
year-out service in industrial plants. Specify 


Roller-Smith Industrial Circuit Breakers 


Send for Bulletin No. A-520. 


WORKS 
Bethlehem, Penna. 
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The Plant Behind the Product 
“IRVINGTON” 
Black—VARNISHED CAMBRIC—Yellow 


The Standard of the World 


The boat Veruilli and 
e Irvington arnish an 
Insulator Co. 


The largest and most modern factory devoted exclusively to the 
manufacture and development of VARNISHED INSULATION. 


Sales Representatives: 
L. L. Fleig & Co., Chicago 
Cansumers Rubber Co., Cleveland 


Clapp « LaMmoree, Los angeies 


gg re Mfg. Co., New York 
- White Electric Supply Co., St. Louis 









CONTROL 


Heater Switches _ Snap Switches 


BLOWER 


Blows dust and dirt out of motors, gen- 
erators, switchboards and other machinery. 
Saves the commutator and promotes effi- 
ciency. 

Better than compressed air because no con- 
densation. Weighs 6 lbs. Attach to electric 
light socket. 

Write for illustrated folder giving detailed informa- 
tion and prices. 


CLEMENTS MFG. CO. 
617 Fulton Street, ito OG a 


Push Button and Lever Switches 







re -rnarmnegne s% oe = So 
PROTECT|] .» 

- YOUR EXPENSIVE : : 

MACHINERY || | : 

| vmx’ “‘” _-| | “DIAMOND H 

i C ADILL AC For over 30 years a Standard of Quality : 
| eee i REMOTE 






Hart Mfg. Co. 


HARTFORD, CONN. 
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From 40 to 
-1000 Watts 


Lhe Only Lamp with the Double Filament A 


DUALITE 





THE DUALITE 


will appeal to the ultimate consumer—whether 
it be for his home, his store, his office, or his 
factory because of the saving in lamp outlay 
accomplished at the outset and the convenience 
added later on. THE DUALITE will appeal 
to the dealer and jobber for the same reasons, 
plus the saving in storing space and transpor- 
tation charges. 


Now in 40, 60, 75, 
100 and 200 Watts 


If you are a jobber, dealer or consumer, de- 
mand the DUALITE—the only lamp with two 
filaments, each burning full life separately and 
efficiently. 


Made by the manufacturers of the well 
known WHITELITE QUALITY LAMPS. 


Write us for more particulars 


WHITELITE ELECTRIC COMPANY 
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Licensed Under 
General Electric 
Company’s Patents 

















| 


. 
hod 






368-370 Broome Street, New York City 


The Superior Gas Filled Lamp 


WHITELITE 


The Dualite ts fully 
protected by U. S. 
Patents, and Is 


made and controlled 
exclusively by us. 











ne Filament 
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OXO 


Double Duty at Single Cost. Guard 
against breakage of lamps and against theft or 
unauthorized substitution at the same time. A 
lock to prevent theft—a tried guard to prevent 
breakage. y 

Just one of the McGill Specialties. 

Write for McGill Catalog to learn about the others. 
McGill Mfg.’ Co. 


20 Oak St. Valparaiso, Ind. 
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DISTRIBUTOR 


—& 


Products 
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Trumbull 
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and Circle T 
Wiring Safety 
Devices Switches 


Dependable Electrical Equipment 
in the Industrial Plant is of pri- 
mary importance. Be particular 
when you buy. 


THE PHILADELPHIA ELECTRIC 


COMPANY SUPPLY DEPT 
130-32 So Eleverith St. 
Philadelphia 
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The cars of the Chr 
cago Elevated Rail- 
ways are Unilet 
equipped. 





For Unfailing Service 


Wherever electrical wiring 
must give the utmost in service— 
where the conditions are the most 
severe—Unilets have an enviable 
reputation. 


Their light weight due to the 
pressed steel construction makes 
handling easier, more rapid, and 
less costly. 


This construction also facili- 
tates wiring because of the in- 
creased space with no increase in 
the dimension of the fitting. 


There is an Appleton Unilet for every 
requirement. 


APPLETON ELECTRIC COMPANY 
Factory and General Offices 


1718 Wellington Avenue at Paulina, Chicago 





“American” Fixtures on stamping presses at the Cutler- 
Hammer Mfg. Co., Milwaukee, Wis. 

















Unilets, Uniduct, Outlet Boxes and Covers, 
Laundry Fittings, Locknuts and Bushings, Meter 
Terminal Fittings, Entrance Fittings, Conduit 
Clamps and Hangers, Switch Boxes, Reelites and 
AutoReelites. 


“UNILE TS” 


Reg, U. S. Pat. Office 








Adequate Lighting 
in Industry— 


With “‘American”’ Adjustable 
Electric Lighting Fixtures 


In operating a punch press the one place 
where the operator MUST have light is on 
the dies and the part being drawn. 

In the illustration shown here an 
“American” Adjustable fixture is mounted 
on each press, with the base on the side frame 
of the press, so that the fixture can be turned 
away, clear of the machine. 

The operator can adjust the fixture to put 
direct light on the press table, the dies and 
the piece being drawn. 

The lamp is shaded with a deep reflector, 
putting the light where it is needed, and sav- 
ing the operator from glare. 

Note how readily these fixtures can be ad- 
justed to meet every need of lighting in this 
installation. 

Send for the “American” Catalogue with 
illustrations of the complete line of adjust- 
able fixtures. 





Patented universal joint used in all “American” fixtures 
Permits unlimited adjustment and cannot injure the cord. 


AMERICAN FIXTURE COMPANY 


232 West Water St. 
MILWAUKEE 


Write for Catalogue and Prices 
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DLO 7: 


have for over twelve years been standard among electrical manu- 
facturers due to their dependable quality and reasonable price. 
out the economy and improvement we can effect for you. 


Write today for prices and samples. 


Dudlo Manufacturing Company, Fort Wayne, Indiana 
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Magnet Wire 
and Winding 


Find 


its 
MTT ini ML 
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WIRES and CABLES 
‘For PLANT WIRING 


Rubber, Cambric & Paper 
Insulations 


IOUUveTEAU Ag 


All Sizes All Services 
We Have a Distributor Near You— 


Safety Insulated Wire & Cable Co. 
114 Liberty Street New York 


Branches: Boston Chicago San Francisco 
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IN TERIOR 
CONDUITS 


American Circular Loom Co. 


’ 90 West Street 
Xo New York 


Los Angeles 
San Francisco 
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Seattle 
Toronto 
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BARE AND Saaeecadlitiis WIRES 





‘“‘OK’”’ Weatherproof Wire 
\ ‘‘Parac’’ Rubber Wire 
Slow Burning Wire 
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Bare Copper Wire 


PHILLIPS WIRE COMPANY 
Pawtucket, R. I. 


PUNGAMAOLLOUGENALLAQUUUUNELOCQCQNQUUUUEEENCAUUUUOLEUGUUALOULAUUUEOEEAMEAUUUOUELUGEAUOUOU ERA PUGET REET AANMUU NAAN 
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SALAMANDER 


Asbestos Insulated Magnet Wire 
ROUND, FLAT AND SQUARE 


The electrical engineers of the principal 
Steel Mills, Railroads, Mines, etc., by using 
Salamander wire, are now able to keep the 
costs of the repair department to a mini- 
mum. Overloaded motors, Salamander re- 
wound are kept running continuously. 


YORK INSULATED WIRE WORKS 


of General Electric Co. 
1737 Broadway, N. Y. C. 
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Get that wire—when you want it! 


ra 


For your repair work you want your 
orders filled promptly. We carry 
complete stocks of round magnet 
wire all insulations sizes No. 8 and 
finer. Call on us when you need 
wire quickly. 


— 


American Enameled Magnet Wire Co. 
Muskegon, Mich. 
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Americore 


RUBBER COVERED WIRE 
FOR INTERIOR WIRING 
HIGHEST STANDARD OF EXCELLENCE 


Send for descriptive book 


American Steel & Wire 


Company 


Chicago—New York 
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Pigtails ?. 


You may not buy them often or in 
large quantities, but when you need 
them you need them. 


So we want you to know about the 
thirty-five Standard Pigtail Wires 
we keep on tap at all times. 


Braided and Stranded Types, also 
complete Pigtails with Terminals 
attached, ready to answer the Trou- 
ble Call. 


Ask for our Price List and order 
what you need. Prompt service on 
small orders is one of our specialties. 


Belden Manufacturing Company 


Electrical Wire, Cable and Cordage 
Twenty-Third St. and Western Ave., Chicago 
Eastern Office and Warehouse, Metuchen, N. J. 
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MAGNET WIRES 


Specializing in Service 
7 to 
Repair Shops 
and 


Maintenance Departments 


MARING WIRE COMPANY 


Factory and Executive Office 


MUSKEGON, MICHIGAN 
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“AMERICAN BRAND® § 
B WEATHERPROOF WIRE AND CABLES# 
HAS NO EQUAL 


“American Brand” 
Weatherproof Copper 
Wire and Cables 


Bare Copper 
Wire and and Cables 


Always maintains the high 
standard set for it. 


AMERICAN INSULATED 
WIRE & CABLE Co. 


Chicago, Ill. 
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=SINCORE= 





Smooth finish 
Easy to pull in 
Safe and Satisfactory 
Quick delivery 


SIMPLEX WIRE & CABLE @ 


MANUFACTURERS 


201 DEVONSHIRE ST. BOSTON 9 
CHICAGO — SAN FRANCISCO 
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You ll Never Find a 
Foreign Substance 
in Vul-Cot Fibre 


And Here’s Why 


The American Vulcanized 
Fibre Company in its mill 
at Newark, Delaware, in- 
spects, sorts, dusts, and cuts 
its own rags and makes its 
own paper. In another part 
of this big plant the paper, 
its thickness gauged to a 
thousandth of an inch, is 
made into tough, strong, 
horn-like VUL-COT Fibre. 


Care and close, constant 
supervision have been 
watch-words during the en- 
tire process and until it 
reaches you, in_ either 
sheets, rods. or tubes, or 
machined to your specifica- 
tions. The latter is done in 
the company’s Wilmington 
plant. 


Here are just a few places 
in the electrical manufac- 
turing field where you'll 
find it to your advantage to 
use VUL-COT Fibre: 


edg Lightning Arresters 
Brush Holder Bushings Magnet Heads 
Bushings Parts for 


Dynamos 

Coil Bobbins Generators, etc. 
Coil Cups Plugs 
Condenser Ferrules Posts 
Cable Cleats Rings 
Connector Plugs Staple Insulators 
Cleats Switch Parts for 
Commutator Rings Bars 
Conduits Handles 
Cord Terminals Bases 
Fuse Cases Hooks 
Insulations Timer Rings 
Lighting Switch Bushing Washers 

We'll send our book, The Material 

With 2 Million Uses. Tell us where 


AMERICAN VULCANIZED FIBRE CO 
513 Equitable Building, Wilmington, Del 
5 SALES OFFICES 
BOSTON PHILADELPHIA CHICAGC 
NEW YORK PITTSBURGH DETROIT ST LOUK 
Complete Stock for Immediate Shipment «t Chicago 

Western Agents Canadian Agents 

Western Electric Company Northern Electric Company 


UMITED 


BF SORAOAISSCS  P5ATitbeuee © BPMANSAL ARROHTO tamara 


























Vol.80, No.12 





“FLEXSTEEL” 


- Armored Conductors 
Conduit & Fittings 
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14-2 Double Strip 
SREGSSREEHE DEH OO * 


14-2 Single Strip 


Flexsteel Conduit 


FLEXSTEEL CONDUITS 
AND CONDUCTORS 


No matter how severe a strain is put on 
FLEXSTEEL Conduit and Conductors, the 
walls will not open. All conduit and conduc- 
tors are “opposed channel” construction to meet 
extreme bending possibilities and to give the 
greatest flexibility, and when bent always stay 
put and in place. The flat interior makes fish- 
ing easy in the conduit, while our own Liberty 
Rubber Covered Wire is used for the conductor 
in the armored conductors. Distinguishing 
braids on each conductor permit certain and 
quick identification of polarities. The strip is 
annealed and electro-galvanized. 

FLEXSTEEL FITTINGS are designed es- 
pecially to take FLEXSTEEL, but will also fit 
other makes of Conduit-~and Armored Conduc- 
tors. Both single and Duplex connectors are 
manufactured. 


No. 2163 


National Metal Molding © 
Pittsburgh, Pa. 
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The Coupon Below Starts You 















can pick 


job. 


The Croft Library will teach you electricity as experts 


his own job and name his own salary. 


know it and put you in line for an expert’s pay 


OR—sound — practical — authoritative information 
—the kind 
possible—the Croft Library stands alone. 


that makes the big-pay envelope 


For years it has been helping men to step ahead 
in electrical work. Beginners have used it—experts 
have used it. With these great books to help you, 
Me too, can bring the big-pay job within your 
reach. 





_These men are 


ordering the 
Croft books 


Electrical Engineers 
Electricians 

Welders 

Appliance Salesmen 
Meter Testers 
Wiremen 

Armature Winders 
Motor Repair Men 
Dynamo Tenders 
Engineering Students 
Power Plant Engineers 
Service Men 

Central Station Men 
Electrical Contractors 
Draftsmen 

Auto Mechanics 
Electrical Apprentices 
Machine Designers 


Hydro-Electric Opera- 
tors 


Teachers of Electricity 
Meter Readers 
Linemen 





The Croft books were written ws a man who has 
spent 20 years in electrical wor 


—who has gone 


Electrical practice 


Croft teaches you electrical practice complete 
—inside and outside work—central stations and 
the whole subject. He takes you in quick, easy 
steps from the no, ood principles to the com- 
plete and economical operation of a great central 
station. 

He tells you the things you need to know 
about motors, generations, armatures, commu- 
tators, transformers, circuits, currents, switch- 
boards, distribution systems—electrical machinery 
of every type installation, operation and repair— 
wiring for light and power—how to do it me- 


These great books 


through all the various stages—who has done the 
work you are ‘doing now and who has risen to his 
present position in the electrical world simply by 
studying his job. * 

Croft knows how to teach electricity—how to fit 
men for big-pay johs—because he has been through 
the mill and knows what is needed to get ahead. 
What he knows about electrical practice—and he 
knows a lot—has been gined by actual shirt-sleeve 
contact with everyday electrical problems. 


from the ground up 


chanically perfect, in accordance with the national 
Electrical Code—wiring of finished buildings— 
underwriters’ and municipal requirements—how 
to do the complete job, from estimating it, to 
completion—illumination in its every phase—the 
latest and most improved methods of lighting— 
lamps and lighting effects, etc. 

The Croft Library is the last word in practical 
electrical education. No man who wishes to 
achieve success in the electrical field can afford 
to be without it. 


are now only $19.50 


We have clipped $8.00 off the price of this Da ge electrical library—made it $19.50 instead of 


$27.50, a reduction of about 30%. And more 


ever made on the Croft books. 


an that, we are offering the easiest terms we have 


You now pay $1.50 in ten days and the balance at the rate of only 


$2 a month. This gives you ten full months to complete your payments. 


The new price and the new terms make the Croft Library the biggest bargain in sound electrical 


FREE EXAMINATION COUPON 


McGraw-Hill Book Co., Inc., 370 Seventh Ave., New York. 


training ever offered to the industry. 
Free examination 

No money in advance 
Small monthly 

payments 


We want you to test our 


To Bigger Pay 


| bsagt ns. E knows that big salaries are paid in 
the electrical field for expert knowledge. The 
man who knows electricity from the ground up— 
the man who knows electricity as experts know it— 


It isn’t such a difficult matter to master the finer 
points of electrical practice and step up to a bigger 


It simply means a little earnest spare-time study 
with the Croft Library of Practical Electricity— 
eight great books packed to the covers with sound, 
practical, pay-raising electrical information. 




































statements—we want you to 
compare the Croft books with 
others. Fill in and mail the 
coupon attached and we will 
send you the entire set of eight 
volumes for ten days’ Free 
Examination. We take all the 
risk—pay all charges. You 
assume no obligation—you pay 
nothing unless you decide to 
keep the books. Then $1.50 
in ten days and the balance at 
the rate of $2 a nonth. Send 
the coupon NOW and see the 
books for yourself. 

Our new price and new terms 
make it possible for every elec- 
trical worker to own America’s 
standard electrical library. 


Just send the coupon! 


Gentlemen:—Send me the LIBRARY OF PRACTICAL 
ELECTRICITY (shipping charges prepaid), for 10 days’ free 
examination. If satisfactory, I will send $1.50 in ten days 
and $2 per month until the special price of $19.50 has been 


paid. If not wanted, I will write you for return shipping 
instructions. (Write plainly and fill in all lines.) 
Name 





Home Address. 





City and State 





Employed by 





Occupation 
Pp 





IE—12-22 


cadsananen antnanemnemaminneseninneen ae oe ee 
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The New “MARTIN” 


ROTARY CONVERTER 








MOTORS 






Alternators, Generators, Motor- 
Generator Sets, Arc Welding 
Equipment, Transformers 
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2 5 Sales Mocs: Butfal : 
2 = ™ ces: ene Pte meee oe a ee i York, re 
2 3 Osborn, Kansas City. [ 
= Economical 2 
= tery g = SUMMA LLU Me c 
= with ie 2 8 
2 New MAR 2 = d E 
2 Converter = = Bal or lectric Motive = 
2 The Fmt Rotary Converter is rere 3 ca = = Ball Bearing 
= been designed to replace motor generators and rectifiers 2 = ’ . 
2 for charging batteries. It eliminates the loss of the 2 = Single Phase Boi aes wa 
2 motor end of motor-generator sets and the high mainte- € 2 Repulsion Type sab _ 
= nance cost of Mercury rectifiers. E 4 as — 

The ease with which these converters can be started 5 Disect. Carsket Semi and 

and operated recommends their use in a variety of in- = Totally Enclosed 

stallations. They are as simple to start as a motor and : = 

require minimum attention. = = Polyphase Back Geared 

A very compact unit, self-contained; these advantages B = agp : 

= reduce the cost of installation. = = Superior in Quality 
: Complete description sent on request. E = Competitive in Price 
z Northwestern Electric Co. ii Baldor Electric Co. 
g 408 South Hoyne Ave., Chicago : £ 4351-55 Duncan Ave., St. Louis, Mo. 
Scene ye 
mnt es <M 












SPECIAL 
TRANSFORMERS 


For Every Purpose 


CROCKER - WHEELER MoToRS 


“Niagara’s Rival for Dependable Power” 


Industrial Leaders Endorse Economy of 


C-W MOTORS 


The continuous and dependable operation of these motors 


= in your development work—in your laboratory 
means uninterrupted operation of machinery. 2 
= 


= —in any factory work requiring transform- 
= ers—we stand ready to-assist you in the de- 
= sign and in the custom-making of the exactly 


Phone or write nearest branch - 
right transformer for you. 


for bulletins and prices 
Send us your specifications 


CrockeR- WHEELER COMPANY 


108g Pittshurgh Philadel; 
Guding AMPERE.New Jersey rons? belewce™ 
Birmungham. New Haven San Francsce 


American Transformer Company 


pe 178 Emmet St., Newark, N. J. 
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The Century Armature Tester is Motor Manufacturer’s and Elec- 
a quick and certain detector of } Y e 5 e 
doeiian i iatienbidiens. 3 tomas te | trical Repairer’s Equipment 
tects and exactly locates shorts, : a. | 
opens, wrong connections, and rp _| A C E 











Coil Winding and Forming Machines 
are used the World Over, and are in- 
dorsed as the best on the market. 


? WHY ? 
BECAUSE fhe. toni, 2'Sav- 
ing Time and Labor, and giving 


Complete Satisfaction. 
Write for Catalog and Prices 


Century Electrical Co. ARMATURE COIL EQUIPMENT CO. 
3202 Scranton Road, Cleveland, Ohio 


ener wtp E Manufacturers of Complete Motor Repair Equipmen 
nnNNUUUEaONNEONNNNENUNEE.UULANUNUENUGNEUCEnUOGEnUOdEOOAEGOOUQUtEnUQnoenvoasccneaccevenusanccareasetis ill Pn nen Me cit le vonene 


grounds, without unsoldering any 
of the lead wires from the commu- 
tator or disturbing the hoods. It 
is adapted for use with either alter- 
nating or direct current, or with a 


battery when power circuits are not a 
é 
3 


oo 
©) 








available. It is supplied with both 
Receiver and Meter types of testing 
forks and ground detector. Write 
for descriptive folder and prices. 
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A better, more practical Watthour Meter 
for central station service. 












Correct design—high initial accuracy—min- 
imum losses—consistent performance—all 
parts easy of access—these are a few of the 
many features of SEMCO METERS. 







Investigate this—bulletin 20-B and complete 
information on request. 










SEWICKLEY ELECTRIC 
MANUFACTURING COMPANY 


. Sewickley, Penna. 
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14 to 5 H. P. 
The Jeannin Electric Co., Toledo, Ohio 
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2 EMM 
b Jeannin a 
E Single Phase 
' Repulsion : : 
: Induction 
: Motors ; : 
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Reducing Gears 


A worm and gear reducing 
unit makes the best method 
of securing large reductions 
with light loads. 
’ SMITH’S Reducing Gears 
. are safe, compact and de- 
» pendable. 
Deal with the specialists in 
light power transmission 
machinery! 
Grooved Pulleys, Hangers 
Pillow Blocks 
Send for catalog. 


WINFIELD H. SMITH 


15 LOCK STREET BUFFALO, N. Y. 
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Jewel Instruments 


include a type of switchboard or portable for 
every indicating instrument need, with a full 
line of small portable instruments especially 
adapted to the general testing needed in 
maintenance work. 


Send for the new 
Jewell Catalogue Today 


Jewell Electrical Instrument Co. 
1640-50 Walnut St., Chicago 
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“NURMA” 


ee 





PRECISION 


BALL BEARINGS 





FRACTIVNAL 
H.P.MVTVRS 


Give Higher Mechanical 
Efficiency 


The extremely high anti-friction efh- 
ciency of these high-precision, rigidly 
mounted bearings reduces the rotating 
friction of the shaft to a figure lower 
than can be otherwise obtained. Fur- 
thermore, the wear-resisting qualities of 
“NORMA” Bearings and their ample ca- 
pacity for lubricant, maintain this high 
efficiency indefinitely. The motor runs 
more freely, takes less current, lasts 


longer. 
This is one of many distinc- 
tive advantages described in 
the booklet “Good Motors 
Made Better”’—sent on re- 
quest. 


THE NORMA COMPANY. 


VF AMERICA 


‘Anable Avenue 
Long Island City New York 
BALL, RULLER AND THRUST BEARINGS 
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CORRECT IT 
USE LE CARBONE CARBON BRUSHES 


ate fo me 


COST MORE PER BRUSH 
COST LESS PER KW.H. 





URUADAUDOOCAUAEDUDLDOEUOGDAOANOAAONAROAOOAOODS 


W. J. Jeandron 
343 Madison Avenue, New York 
Pittsburgh Office: 634 Wabash Bldg. 


San Francisco Office: 525 Market Street 


Canadian Distributors: Lyman Tube & Suppl =. 
Monireal and Toronto.” vee a 
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REGISTERED 


INSULATION 


For MOTORS, GENERATORS, and | 
OTHER ELECTRICAL EQUIPMENT 


Micanite Plate supplied for your 
own moulding or stamping or made 
to your specifications as tubes, rods, 
rings, flanges, spools, bushings, 
washers, sleeves, and as commutator 
segments in every size, shape, and 
thickness. Empire Oiled Materials 
in sheets, tapes, and tubes for a 
variety of electrical insulations. 


Forty page catalog replete with photo- 
graphs and data on all our insulation prod- 
ucts sent promptly on request. 


MICA INSULATOR CO. 


Works: Schenectady, N. Y. 
New York Office: 30 Church Street 
Chicago Office: 542 So. Dearborn Street 
Cleveland Agent: G. A. Morrell, Cincinnati Agent: Monroe 
Brass and Wire Co. San Francisco and Los Angeles Agent: 
Electrical Specialty Co. acer 
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HERE IS 
THE OFFER 


That has made customers for us— 





Let us equip a generator or motor for you with 


Reaction 


Brush Holders 


—their final acceptance will be subject to 
your approval after any reasonable period of 
operation! 


They keep your commutators from running hot. 


They eliminate destructive sparking. 
They keep brushes from wearing grooves. 
They make quiet running machines. 


SAVE MONEY—take advan- 
tage of, this offer today— 
NOW! 


The Baylis Company 


50 Nelson Street, Bloomfield, N. J. 











The fisherman in India uses his big chathi 
(urn) as a sort of semi-boat. 


This he places under him and he paddles and 


steers with his feet. 


When he gets well out in the stream he scoops 
up fish in his net and slips them into his chathi. 


You simply couldn’t sell the native a boat for 
fishing—for he argues that his chathi floats him 


and carries his fish and a boat can do no more. 


Of course he gets wet by his old custom-for- 
years method, but what does he care—water 


can’t hurt him. 


He’s in much the same boat as the operator 
who argues that he’s been getting by for years 
with cheap carbon brushes and so isn’t inter- 


ested in a prescription of Morganite. 


Of course his flivver brushes spark and groove 
and chip and wear—but what cares he?—he’s 
used to it all. : 


Many are the excuses to justify cheap brushes. 
Some are better than others—and then, on the 
other hand, some are worse. 








519 West 38th Street, New York 
DISTRICT ENGINEERS AND AGENTS: 


Mectric Power Equipment Herzog Hl io & Engineering 
Corp., 13th and Wood Sts., Co., 150 St., San 
bse gg to aw 

te Seins a Service Sales Co., 502 
Co., 909 Penn Ave., Pitts- — Bldg., Les Angeles. 

Mr. J. F. Drummey, 75 Pleas- Reto & Fepe Sageesies 
ant St., Revere, Mass. Itd., 131 Bast- 

W. R. Hendrey Co., Hoge ern Ave., Toronto, Ontario, 
Bldg., Seattle. Canada, : 
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K-10 fingers Never Make a Big Repair 
with tip When a Little One Will Do 
unlocked You would think it the height of folly to scrap 








a controller because a finger had worn out, 
wouldn’t you? 

Then why scrap a controller finger simply be- 
cause the tip has worn out? The principle is 
the same. Triggerlock fingers are designed to 
eliminate just that waste of material, money, 
and shop time necessary for the installation of 
new fingers. 

The finger lasts indefinitely, and with a stock 
of interchangeable renewal tips it becomes al- 
most a permanent part of the controller. 
There is a triggerlock finger for every type of 
controller, compensator, starter, truck, tractor, 
car, etc. Yours is among them. 

IN USE EVERYWHERE. OVER A MIL- 
LION SOLD. 


nS \ 
QNSNS | 


Write for catalogue, or put 
in a requisition now. 
when tips are 


vr ca ~—-s Russell Manufacturing Co. 
oth sides. 
814 Bath Ave. 11 Pinewood Ave. 


Niagara Falls, N. Y. Toronto, Canada 




















Weather Proof 
Vibrating 


Dependable — Durable — Efficient 


Exposed Terminals 





Electric 
ARZF Bells 
SEE | ae 


Electric Signals 


Just what your engineer will recom- 
mend for a signal system in your plant 


for 


Alternating and Direct Current 
High or Low Voltage 


Send for our catalogue and complete 
information on Schwarze Bells, Buzz- 
ers and Horns. 


Factory and Main Office 





Sehwarze Electric Company 
Adrian, Michigan Enclosed Terminals 
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A long and creditable service record 1s a very good guarantee of 
a product’s ability to give satisfaction under similar conditions. 


G-E Insulating 
Materials 


Insulating Varnishes, 
Japans, Oils 

Stickers and Shellacs 

Sealing Compounds 

Paints for Electrical 
Apparatus 

Treated Insulating Cloths 

Sheet Insulations 

Cords, Twines and 
Sleevings 

Insulating Tapes 


General One 
Schenectady. NY 


Reliability is invariably found in 
all G-E insulating compounds. 
This reliability has been proved 
in years of service on G-E ap- 
paratus. 

G-E dark steel-blue quick drying 
enamel paint has been especially 
developed for use as a finish on 
motors and ¢." 1%rators. 


G-E black oil-proof paint is used 
for the coating of the interior of 
transformer tanks. This paint is 
insoluble and adheres_ ten- 
aciously to surfaces. No. 251 


black cable paint is especially 
adapted for. wire, switchboards, 


General@El 


Compan 





Where G-E Insulating Paints 
are manufactured 


Dependable Service has Established 
the Quality of G-E Insulating Paints 


etc. It is flame, moisture and 
weather resisting and imparts a 
good insulating finish. 


There are also paints for general 
use (particularly on metal work) 
in red, light gray and olive drab 
colors, red and gray priming 
paint, white and slate gray cable 
paint, and black and gray finish- 
ing paint. All have exceptional 
wearing qualities and a tough 
resistant film. They will not 
fade or lose their gloss. 

These paints need only be used 
to be appreciated. Send for bul- 
letin 48704A. 


ectric 


Sales Offices in 
all large cities 


32B-100 













48 INDUSTRIAL ENGINEER | Vol.80, No.12 
Whether material must be handled by mechanical 


giants or midgets, electric motors perform the work 
unfailingly 





G-E motors \ 
Operate porte | 









~ eae so . . : = - ; gro se 

which neatly — a oi G-E motors drive these _giants 
a m . which quickly clear the hold of 
ceiling capac- aship of its bulk material. 

ity in fast 

time. 


Tons or ounces— 


G -F; MOTORS drive huge buckets into the 

hold of a ship and unload it like magic. 
They drive tireless mechanical devices which do 
the weary work of stacking and re-stacking 
goods in a warehouse or stockroom. They drive 
all manner of appliances which save countless 
Steps in many fields of labor. 

With each new application of G-E motors to 
material-handling problems, costs find a lower 
level and production leaps forward. 

The work of days to men becomes that of 
minutes when the power of G-E motors is put 
to the wheel. And their scope is boundless. 

Wherever material is to be moved, G-E motors 














the GE moter way off hend- are applicable, for there is one for every job— 
seated from the mightiest to the tiniest. 


The leading manufacturers of material-hand- 
ling machinery are prepared to supply devices 
equipped with G-E motors and control. 


General@Electric 





Saag Company sivas ~ 
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Ne 


Wiring devices form an important part 
of the wiring of any building 
—have them reliable 





G-E Standard Fuses 


Fuses are electrical safety valves. Their reliability depends upon attention to details. 
First quality fibre tubes assure resistance to the pressure of short-circuit blow-outs. 
A special filler effectually smothers the arc and cools the gases—while ample ventilation assures 
their immediate dissipation in the larger sizes. 
Metal parts are carefully gauged and machined for maximum strength, perfect fit and alignment. 
A blow-out on an indicating fuse leaves a distinct mark on the label. 
Indicating fuses, used wherever visual inspection is possible, assure quick location of the source 
of trouble. 
All G-E enclosed fuses are National Electrical Code Standard. 

G-E—the fuse to use 














Ee 
G-E PORCELAIN SOCKETS G-E TUMBLER SWITCH 
G-E “snap-catch”’ por- 
celain sockets are easily G-E surface typetumbler 
installed due to the ab- piper scorn urs genera 


sence of screws. The 
body has two bayonet 
hooks which engage 
two flexible phosphor 


Their quick make-and- 
break mechanism, actu- 
ated by a compression 
spring, has a positive 
start action which pre- 





bronze = in the vents switch blades from sticking and insures posi- 
cap, locking securely tive operation. Blade carriers are hooked on so 
but permitting easy dis- that they cannot be released from the rocker arm. 
assembly without disturbing wiring or turning G-E Tumbler Switches are substantially built, 
off current. All types of body (pull, key, push simple in operation, and the logical selection, where 
button and keyless) are interchangeable with hard usage is to be expected. 
all types of ‘“‘snap-catch” caps and bases. Operated by a flip of the finger or elbow. 





General 
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We ship from 


Chicago 
Stock 


Tirex Portable 
Cable 


Kuhlman 
Transformers 








Nitrogen Lamps 


Crawford Motors 


Commercial 
Enclosed Fuses 





Trenle Porcelain 
Products 

Russell Space 
Heaters 


Dayton Fans and 








Don’t Scrap 


Your Old Field Coils - 


We Can Save You Money 
By Our New 


Process of Reinsulation 


Send us your burned out field coils and 
we will return them reinsulated with our 
Salamander Asbestos Insulation. 

Asbestos insulated coils easily withstand 
a temperature that would destroy cotton 
insulation without affecting the asbestos 
in any way. Our coils will not deteriorate 
under any overload. 

We can furnish pure asbestos fireproof 






wire on spools or in the shape of Field 
and Armature Coils. 


Send us your old field coils and get heat 
proof coils in return at the cost of the 
insulation alone. 


Remember we can supply practically 
everything electrical from our Chicago 
warehouses. Your correspondence sol- 
icited. 


Ventilators 





Reinsulation work 
on Field Coils 
etc., etc. 


Electrical Material Company 
-158 W. Lake Street Chicago, Illinois 




















The Dollar ' 


The average dollar will buy today less than two-thirds of Telephone service, gauged by the dollar’s nacchesing power, 
what it would buy before the war. is costing the subscriber less than it did in 1914, 

Thus it costs on the average half as much again to provide New economies in operation and increased efficiency. of loyal ; 
telephone service. employes have enabled the Bell System to accomplish this. Bs 


AMERICAN TELEPHONE AND TELEGRAPH COMPANY AND ASSOCIATED COMPANIES 
One Policy One System Universal Service 




















December, 1922 
Industrial Engineer 





DISPLAYED ADS—Space is sold by the ad- 
vertising inch (30 in. to a page). Price 
per inch is based on total space used (mul- 
tiply ad space by number of insertions). 

RATE PER INCH 

ieee $4.00 an in. 8 to 14 in., $3.60 an in. 

4 to 7 in., $3.80 an in, 15 to 29 in., $3.40 an in, 
Rates for other spaces furnished on request, 








OUR REPAIR SHOPS 


are prepared to do High Grade Elec- 
trical Repair Work of all kinds at 
a reasonable price. 


Electric Lighting Supplies 


Inspect our first class stock. You are 
assured absolute satisfaction and 
quality. 


Telephone Randolph 1280 


Commonwealth Edison Company 
72 West Adams Street Chicago 





EXCEPTIONAL 
BARGAIN 


Never been connected 

NEW Westinghouse Voltage Reg- 
ulator Type AM-5 

For A. C. Generators 











A. C. Volts 100-120 
Cycles 60 
Exciter Volts ............ccssnccssecssseeee 60-150 


Style No. 243867 
Size 16”x38%%” 
Weight 320 Ibs. 
For Bracket Mounting 
This Regulator for A. C. generators with 125 
volt exciters not in el. Range of ex- 
—. 60 to 150 volts. 
interested write us - pee ™ name plate 
eine of your machines and will give you 
—_ information about the use of ints 


nsiiind Electric & 
Manufacturing Co. 


16 East Hennepin Avenue 
Minneapolis, 














NO SHOPS in America are so well equi to 


_ oe | se ag eg Re mee | 

Generators Every machine from the 
smallest, tothe largest, when it leaves here, is 
practically new. ‘Nothing except bargains. 


Send for our Monthly Bargain Sheet showing com- 
plete stock with prices that will surprise you. 


GREGORY ELECTRIC Co. 


16th & Lincoln Sts. Chicago 








ARC WELDING SET 
1 Shae a ee 
two 36 or 
Can be had st a targets. 


NASHVILLE ERDUSTRIAL CORP. 
Jacksonville, T 








Gl SEARCHLIGHT SECON —te 





ADVERTISING RATES—INDUSTRIAL ENGINEER—SEARCHLIGHT SECTION 
UNDISPLAYED ADVERTISEMENTS 


POSITIONS ‘WANTED, including Salesmen 
Available and other ads of individual 
employment wanted, 4 cents a word, min- 
imum 75c per issue, payable in advance. 


POSITIONS VACANT, and all other classifi- 
cations, 8c a word, minimum $2 an issue. 


D 5 WORDS for box number address in undis- 


ga ads, if replies are to any of our — 
No additional charge for forwarding replies. 


DISCOUNT OF 10% if one payment is made in 
advance for 4 consecutive insertions of undis- 
Played advertisements. 








CHAS. V. O’BRIEN, President 
J. L. O’CONNOR, Secretary 


The 
New York 
Electrical 





School 


Information on Request 


45 W. 17th St. 
New York 
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MITTEE 


BE A METER ENGINEER 
Get in the new profession. teach 
meter engineering by mail ay your own home 
during spare time. Successful gradi 

where. Earn 


r 


eers. es. 

open. Write ta today. Your name and address will 

bring full particulars about ‘‘Special Offer.’’ 

one a _—— COCenree se SCHOOL 
Fort Wayne, Ind. 














BUSINESS OPPORTUNITIES 





FOR SALE — WELL ESTABLISHED 
electrical contracting supply business. 
Address Sam Muldoon, P. O. Box 1367, 
New Orleans, La. 








FOR SALE 


ENGINE GENERATOR 


60-90 Kw. 250 V. Direct Current 275 RPM 
Direct Connected to Erie-Ball Engine. 


AMERICAN COLORTYPE CO. 
1151 Roscoe Street, Chicago, Illinois 


PETIT 
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Motor Record Sheets 


Printed loose leaf sheets for keeping accurate 
record of motors and controllers (AC or DC), their 
specifications, service, — number al parts, also 
ces On req’ 


Portland, Ore, 


ig 
Free sample 
444 E. 32nd St., 











The SearchLight Section 


Man you want 

Position you want 

Equipment you 
want 


Will locate the 


Are you using the Searchlight? 








ELECTRIC MOTORS 


110— 7% H. P., 440 volt Westinghouse 
28— 7% H. P., 440 volt General Electric 
60— 7% H. P., 440 volt Allis-Chalmers 
17—10 H. P., 440 volt Allis-Chalmers 
30—10 H. P., 440 volt General Electric 
10—10 Hz. P., 440 volt Allis-Chalmers 
25—15 H. P., 440 volt Allis-Chalmers 
20—15 H.P., 440 volt General Electric 
14—15 H. P., 440 volt Westinghouse 
25—30 H.P., 440 volt General Electric 


Also many others in sizes from one to forty 
Horse Power. Write for bargain price list. 


Nashville Industrial Corporation 
Jacksonville, Tenn. 
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ecw y 
at eet ends 


Know the facts in Electricity. They mean more 
money and better Spey for you. Hawkins Guides 
tell you all you need to know about Electricity. 
= Every important ject covered so you 
can understand it. Easy to study — apply. A com- 
plete, practical working course, in 10 volum 

Books are size; flexible covers. ‘Order acct 
to-day to look over. 


HAWKINS GUIDES 


3500 PAGES 1 A VOLUME 
4700 PICTURES 1 A MONTH 


These books tell you all about — 


Magnetism — Induction — Experiments— Dynamos — 
Electric Machinery — Motors — Armatures — Armature 
Windings — Installing of Dynamos — soo Instru- 
ment Testing— M and 
Motors Distribution Systems Wirin Winks Diagrams 
—Sign Flashers—S herage Batteries—Principles of Alter- 
nating Currents and Alternators—Alternating Current 
Motors—Transformers—Converters— Rectifiers—Alter- 
nating Current Lg Breakers—Measuring 
Instruments —Switch ee ee Stations 
—Installin Telephone —Telegra ar Ih — Wireless—Bells— 
Lighting— Railways odern Practical Appli- 
cations of. Electricity oa Ready Reference Index. 


SHIPPED TO YOU FREE 


Notacent to pay until you see the books. No obligation 
to vee unless you aresatisfied. Send Coupon now—toda 
—and get this great help lib and see if it is not wort 
$100 205 you—pay $1.00 a month forten monthsor returnit. 

























THEO. AUDEL & CO., 

72 Fifth Ave., 
Please submit for examination 
Hawkins Electrical Guides 
@rice $1 each). Ship at. once, pre. 
paid, the 10 If I 
agree to send you $1 within seven days ‘and 
to further mail you $1 each month until paid. 








oO. #4, 
Employed by 


Resid 











Refer E.BR.& LE. 
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52 Gl SEARCHUGHT SECTION 


ILLER- — LECTRIC OMPANY 


TRAN SF ORMERS OTORS UPPLIES LECTRICAL ONSTRUCTION 


Authorized General Electric Motor Dealers 


Slightly used equipment from Prompt and efficient service given to repairin 

, g and rebuilding e 
Old Hickory Powder Plant or size motor or generator. Our Shop is equipped with superior g avilives 
and expert repair men. 











ee i F gee rage Distributors for Calebaugh Carbon Brushes 
phase, 600—1200—2400 volt grianty, a 
Taps fo General Offices: Shops and W 


SURE MOTORS: BONDED, 1259 Park Place, 2600 leabelia St., Detroit, Mich. 


ndary. ‘ormers arranged 

Taps for starting 300 H.P., 2200 volt, 3 
oto 

Detroit, Mich. M. C. R. R, private siding. 


phase Motors. Transformers on new ALEE 
rating at 55 deg. C., 750 KVA. 





















































Mr ciatomuen, “S500 100 volt, 60" cycles, panna 
5 ; Surety Mot i i 
; bc ae pate Rahiyinmrnat path urety otor Bonding Company Send for Our Stock List of New and Used Motors. 
Transformers, 2300—230—440 volt, 60 cycle, 
single phase. 
“ers, Outdoor [ae ereeaie 60 ae p 
cycle, e . : s 3 ° 3 
ae cot mee cuore 2 NE MOTORS | : , Small Motor Bargains 
= volts secondary, Type N, K, : = =: Lowest Prices—Buy Now and Save : 
E Seri EVA General Hlectro Qutdooe tre i age GENERATORS: : Money 
2 ie scoondary, Type N, Form’, single \ We Buy—Sell 2 2 “Go” 2 EE ao Morza0 Fifen" Seo 
: phase, 60 cycle. REPAIR os: a 4 G A.C. 110 700 17.50 = 
= 937% KVA Westinghouse Type 2 = & & GE DO. iN0 1750 17.50 = 
= ‘Transformers, 2200 volt, primary = 820/110 Exchange and Rent ? i 4 /6 GE, 86-110 1750 12.50 
a — Substitute Motors : : 2% Jones | Electro” Drill Universal" 
: , ' Teahilieell Bar : : geo ee Cr. 20.50 : 
: At a bargain for immediate sale. Einergeney : : “th Yi. uy Mithdinai : 
: NASHVILLE INDUSTRIAL 2 3 Send for Price Stock Bulletin 74 ae, awe: TOU Sp Tae. : 
CORPORATION : = CHICAGO ELECTRIC CO. : : RELIANCE ELECTRIC : 
E seteeueniiin, Dum. : 740 W. Van Buren St. 2 § MOTOR CO. 2 
: : CHICAGO, ILL. : : 174 Centre St. New beers City : 
: 6 29 : 
‘4 little too good i is : just good enough” 
Rochester Electric Products Corporation 
: Rochester, N. Y. 
: Motors — Grinders Buffers 


= 
. 
= 
= 
= 
Z 
2 
- 
= 
= 
= 
= 
= 
= 
. 





Take a | tip from the calendar 


The calendar “starts” with the first of the year. Your 
subscription to Industrial Engineer ought to start at 


the same time. 
So—If you are not numbered among the 15,000 


enthusiastic subscribers to the publication lose no 
time in filling in the coupon—and then mailing it! 
Just in time for the big January number which will 
start (in noteworthy fashion) another year of service 
for the industrial electrical mechanical man. Take 


a tip from the calendar! 


TO INDUSTRIAL ENGINEER 
1570 Old Colony Bldg., Chicago 

Enclosed find $2 for which please enter my subscription to Industrial Engineer. (Note: 

per year a special offer of 2 years for $3 is now being made.) 

Name 

Address 

City State. Co. 

Title (or position) 

Company Associated with 

Department (construction, installation, repair, etc.) 

Principal product of company. 

I am most interested in the following subjects: 


While the regular subscription price is $2 
































Industrial Engineer 


‘ 





December. 6 GI SEARCHLIGHT seco ip 
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The Motor Man Says— 


\ : OU can take a used motor, providing you have the equip- 
ment, materials and men who know their business, and 


make it as good as new. 
This is exactly what happens to a motor that is renewed up to 
the standard set before it can carry the Surety Label. 

I'll tell you why—Only good used motors are selected for re- 
newing. 

The motors must have no inherent defects that cannot be cor- 
rected. 

Then they are renewed by expert workmen, who have modern 
equipment and facilities for rewinding and renewing motors. 
Their orders are to replace all worn parts, to spare nothing in 
turning out a good job. 

Of course, there is a saving in the cost of a Surety Renewed Mo- 
tor, and the Surety Label guarantees the workmanship, the 
materials and the motor. It must satisfy you. 

You get a Surety Bond that assures this. 

The New Combined Motor List for this month shows a number 
of additions to motor stocks of the licensees of the Surety Motor 
Bonding Co. Write to them for your copy. 


MOTOR MAN. 
Duquesne Elec. & Mfg. Co... 6426 Hamilton Ave., Pittsburgh, Pa. 
Elliott Electric Co 813 Superior Ave., N. W., Cleveland Ohio 





1259 Park Pl., Detroit, Mich. 
..118 West Third St., Cincinnati, Ohio 


Surety Motor Bonding Company 


Miller-Seldon Electric Co 
Willey-Wray Electric Co 




















133 West Wackdcseton St., Chicago, Ill. 
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Equipment, Apparatus and 


ctive purchasers 


market are invited 


Prespe hhanical 
us of their needs, assuming, of course, that the articles sought are not 


WHAT AND WHERE TO BUY 


Supplies Advertised in this Issue with Names of Manufacturers and Distributers 
in the electrical-mec 


listed "here 


INDUSTRIAL ENGINEER, OLD COLONY BLDG., CHICAGO 























Accountants, Industrial 
Ernst and Ernst. 


Air Compressors 
Allis-Chalmers Mfg. Co. 
Janette Mfg. Co. 

Genera] Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 

Armature Repair Machin- 
ery 

Armature Coil Equipment 


0. 

— Service Supplies 
0. 

Armature Rewinding 

Cleveland Armature Wks. 


Batteries, Dry 
Western Electric Co. 


a Charging Appara- 


General Electric Co, 
Robbins & Myers Co. 
—_— Elec. & Mfg. 
0. 
Bearings, Ball & Roller 
Norma Company of 
America 


Bells, Electric 
Schwarze Electric Co. 


Bench Drawers, Steel 
Lupton’s Sons Co., David 


Benders, Conduit 
Roberts Electrical Supply 
Co., H. C. 


Blow Torches 
Economy Electric Devices 


o. 

Hunt-Lasher Co. 
Blowers 

Armature 
Clements Mfg. Co. 
Electric Portable 
Clements Mfg. Co 


Bolts 
Expansion 
Paine Company 
Toggle 
Paine Company 


Books, Technical 

Audel & Co., Theo. 

— Book Co., 
ne. 


Boosters 
Allis-Chalmers Mfg. Co. 
Genera] Electric Co. 
— Elec. & Mfg. 
0. 


Boxes 
Conduit % 
Appleton Electric Co. 
Philadelphia JElect. Co., 
Supply Dept. 
use 
General Electric Co. 
aes Elec. & Mfg. 
‘0 


Junction and Outlet 

Appleton Electric Co. 

General Electric Co. 

— Metal Molding 
fs) 


Steel City Elect. Co. 
+ aimed Elec. & Mfg. 
0. 
Meter and Service 
eral Electric Co, 
— Elec, & Mfg. 
0. 


Brakes, Electric 
_—— Controller & Mfg. 
0. 


Crane 
—e Controller & Mfg. 
o. 


Dise 
— Controller & Mfg. 
0. 


Brushes 

Commutator 

Jeandron, W. J. 
Philadelphia Electric Co., 

Supply Dept. 

Merganite Brush Co., Inc. 
Dynamic and Cortes 


Jeandron, W. J. 
Morganite Brush Co., Inc. 
Perfection Supply Co. 





Brush Holders 
Baylis Company 
Perfection Supply Co. 


Buffers 
Janette Mfg. Co, 


Bus Bar Supports 

General Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 


Bushings 
Appleton Electric Co. 
National Metal Molding 


Co. 
Steel City Elect. Co. 


Cable Racks, End Bells and 
Accessories 

General Electric Co. 
Westinghouse Flec. & Mfg. 
Co. 


Circuit Breakers 
Allen-Bradley Co. 
Condit Elec. Mfg. Co. 
Cutter Co. 
General Electric Co. 
Roller-Smith Co. 
Westinghouse Elec. & Mfg. 
Co. 
Air Type 
Sundh Electric Co, 


Clamps 
Ground Connection 
Electric Service Supplies 


Co. 

General Electric Co. 
Westinghouse Elec. & Mfg. 
Ca. 

Insulator 

Steel City Elect. Co. 


Cleats 
Metal 
National Metal Molding 
Co. 


Coil Winding Tools 
ee Coil Equipment 


0. 
Electric Service Supplies 
Co. 


Coil Winding Machines 
Armature Coil Equipment 


Co. 
— Service Supplies 
0. 


Coils, Choke 
Electric Service Supplies 


Co. 

General Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 


Coils, t 

Economy Electric Devices 
Co. 

Coils, Field 

Economy Electric Devices 
Co. 


Conduits 
Interior 
“pean Cireular Loom 


0. 

Electrical Material Co. 
National Metal Molding 
Co. 


Connectors & Terminals 
Appleton Electric Co. 
Dossert & Co, 

General Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 


Contact Rail Material 
Electric Service Supplies 
Co. 


Controller Fingers 
Reversible 
Russell Mfg. Co. 


Controllers, Motor 
Allen-Bradley Co. 
General Electric Co. 
Westinghouse Elec. & Mfg. 

Co. 


Controllers 

Automatic for Cranes 
Electrie Controller & Mfg. 
Co. 

Manual 

Electric Controller & Mfg. 
Co. 





Automatic 

Eleetric Controller & Mfg. 
Co. 

Machine Tool 

Electric Controller & Mfg. 
Co. 

Crane 

Electric Controller & Mfg. 
Cc 


0. 

Coal and Ore Bridges 
Electric Controller & Mfg. 
Co. 


Cord Adjusters 


American Vulcanized 
Fibre Co. 


Cord, Flexible 


Belden Mfg. Co. 
Rome Wire Co. 


Couplings, Flexible 
— Controller & Mfg. 


Crane Motors 

General Electric Co. 

—— Elec. & Mfg. 
0. 


Cross Arms 
— Service Supplies 
0. 


Western Electric Co. 


Cutouts 

General Electric Co. 

Hart Mfg. Co. 

— Elec. & Mfg. 
oO. 


Dies, Pipe Threading 
Toledo Pipe Threading 
Machine Co. 


Disc Brakes 
— Controller & Mfg. 
oO. 


Drives, Electric Power 
Toledo Pipe Threading 
Machine Co. 


Dynamos 
Robbins & Myers Co. 


Factory Furniture 


Lupton’s Sons Co., David 


Fan Motors 


General Electric Co. 
Robbins & Myers Co. 
Western Electric Co. 
— Elec. & Mfg. 
0. - 


Fans (Exhaust and Venti- 
lating) 
General Electric Co. 
Robbins & Myers Co. 
ee Elec. & Mfg. 
oO. 


Fittings, Conduit 
Appleton Electric Co. 
National Metal Molding 


Co. 
Steel City Elect. Co. 


Fixtures, Adjustable, 
Lighting 
American Fixture Co. 


Fuses 
Electrical Material Co. 
General Electric Co. 
Western Electric Co. 
ee Elec. & Mfg. 
0. 


Gears 

General Electric Co. 
Westinghouse Elec. & Mfg. 

Co. 

Reducing 

Smith, infield H. 
Generating Sets 

General Electric Co. 


Westinghouse Elec. & Mfg. 
Co. 


Generators 

Allis Chalmers Mfg. Co. 
Burke Electric Co. 
Roberts Elec. Supply Co., 


H. C. 
Robbins & Myers Co. 





Gloves, Steel Grip 
Industrial Gloves Corp. 


Grinders 


Cleveland Armature 
Works, Ine. 

Janette Mfg. Co. 

Northwestern Eleetric Co. 
Rochester Electric Prod- 
ucts Corp. 

Stow Mfg. Co., Inc. 


Grounding Devices 
Dossert & Co. 


Hack Saw Blades 
Atkins, E. C. & Co. 


Heating Devices, Industrial 


General Electric Co, 
Roberts Elect. Supply Co., 


H. C. 

Western Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 


Hoists 
Allis-Chalmers Mfg. Co. 


Instrument Transformers 


General Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 

Instruments, Electrical 
Graphic 

General Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 

Indicating 

Economy Electric Devices 


Co. 
General Electric Co. 
Jewell Electrical Instru- 


ment Co. 
Roller-Smith Co. 
Westinghouse Elec. & Mfg. 
Co. 
Integrating - 
Duncan Electric Co, 
General Electric Co, 
Jewell Electrical Instru- 
ment Co. 
Westinghouse Elec. & Mfg. 
Co. 


Scientific and Testing Serv- 
sce 
Economy Electric Devices 


o. 
General Electric Co. 
Jewell Electrical Instru- 
ment Co. 

Westinghouse Elec, & Mfg. 
Co. 


Insulating Material 


Compounds, Paints and 
Varnishes 

Dolph Co., John C. 

General Electric Co. 
Irvington Varnish & In- 
sulator Co. 

Mica Insulator Co. 
Packard Electric Co. 

Westinghouse Elec. & Mfg. 
Co. 

Comp. Cloth and Paper 
General Electric Co. 

Mica Insulator Co. 

Westinghouse Elec. & Mfg. 
Co. 


Fibre 

American Vulcanized 
Fibre Co. 

Irvington Varnish & In- 
sulator Co. 


Mica 

Mica Insulator Co. 

Molded 

Belden Mfg. Co. 

Tape and Webbing 

General Electric Co. 
Paekard Electric Co. 
Westinghouse Elec. & Mfg. 
Co, 


Insulators 
Electric Service Supplies 


Co. 
Irvington Varnish & In- 
sulator Co. 
Porcelain, Composition 
General Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 
Insulator Supports 
Steel City Electric Co. 





Joints, Cable Splicing 
Dossert & Co, 


Lamp Guards 
Electric Service Supplies 


Co. 
Hubbell, Inc., Harvey 
McGill Mfg. Co. 
Lamps 
Arc 
General Electric Co. 
Westinghouse Elec. & Mfg. 
Incandescent 
General Electric Co. 
Western Electric Co. 
Westinghouse Lamp Co, 
Whitelite Electric Co. 
Nitrogen 
Electrical Material Co. 
Trouble 
McGill Mfg. Co. 


Lightning Arresters 
Electric Service Supplies 


0. 

Genera] Electric Co. 

eee Elec. & Mfg. 
0. 


Lighting, Industrial 
American Fixture Co. 
General Electric Co. 
Western Electric Co, 
Westinghouse Lamp Co. 
Whitelite Electric Co. 
Line Material 

— Service Supplies 

oO. 


General Electric Co. 

Western Electric Co. 

oe Elec. & Mfg. 
0. 


Machines, Armature 

_— Service Supplies 
0. 

Magnets 

Dudlo Mfg. Co. 

Magnets, Lifting 

— Controller & Mfg. 
oO. 

Meters 

Dunean Electric Mfg. Co. 

—oe Electric Devices 


oO. 

Roller-Smith Co, 

— Electric Mfg. 
oO, 


Meter Testers 

General Electric Co, 

ee Elec. & Mfg. 
0. 


Mica 
Mica Insulator Co. 
Molding, Metal 
Appleton Electric Co. 
— Metal Molding 
oO. 
Motors 
Allis, Louis & Co. 
Allis-Chalmers Mfg. Co. 
Baldor Electric Co. 
Burke Electric Co. 
Crocker-Wheeler Co, 
— Controller & Mfg. 
oO. 
Electrical Material Co. 
General Electric Co. 
Jeannin Electric Co, 
Northwestern Electric Co. 
Robbins & Myers Co, 
Rochester Electrie Prod- 
ucts corp, 
Western Electric Co. 
— ew Blec. & Mfg. 
oO. 
Panel Boards 
General Electric Co. 
— er Elec. & Mfg. 
0. 
Panels, Switchboard 
Allis-Chalmers Mfg. Co. 
General Electric Co. 
— Elec. & Mfg. 
0. 
Pipe Benders 
Martin & Sons, H. P. 
Pipe Cutters, Hand and 


Gea 
Toledo Pipe Threading 
Machine Co. 


(Continued on page 56) 
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ATKINS 


METAL S AW S 


CUTTING 


HAVE YOU RECEIVED YOUR COPY OF 
“ATKINS SAWS IN THE SHOP” 


<i) We make a complete 

line of Metal Cutting 
saws for electricians and 
mechanics. 

















It not only contains a 
complete list of Atkins Saws 
used in the shop but many 
useful tables such as U. S. 
Weights and Measures, 
Decimal Equivalents of / Let us quote you on 
Fractions, Circumferences / weed Y your requirements of 
and Areas of Circles, etc. “AN Hack Saw Blades and 
Frames, Metal Cutting 
Hand Saws, Cable Saws, 
Compass Saws or any 
other saw you might 
need. 


It is with a feeling of ex- 
treme pride that we present 
this book which represents 
our Metal Cutting Saws and 
kindred products. 

We are sure that if 
Atkins Saws 
are given a fair 
trial, you will 
use no other. ° 


Atkins Metal Cutting 
products are reliable because 
they are made of the best 
material, tempered perfectly 
and ground precisely. 


“A Perfect Saw For Every Purpose” 


We have booklets giving detailed information on Atkins Kwik- 
Kut Hack Saw Machine, Atkins No. 3 Metal Band Saw Machine, 
Atkins Hack Saw Blades and Frames, Atkins Circular Metal Cut- 
ting Saws or any saw you should need. 


E,.C.ATKINS & CO. 


ESTABLISHED 1857 THE SILVER STEEL SAW PEOPLE 


‘Home Office and Factory, INDIANAPOLIS, INDIANA 
Canadian Factory, Hamilton Ontario 
Machine Knife Factory, Lancaster N-Y, 


Brenches Carrying Complete Stocks In The Following Cities: 





Atlanta New Orieans Seattle 
Memphis New York City Paris, France 
Chicago’ - Portiand,Ore. me adh N. S.W. 
Minnespolis San Francisco ancouver, B.C. 
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ALPHABETICAL INDEX TO ADVERTISEMENTS 





























































































































































































































Aetna Abrasive Co 27 Dossert & Co 29 Miller Seldon Electric Co 52 
Allan Mfg. & Welding Co...............---..-- 28 Dudlo Mfg. Co 38 Morganite Brush .Co., Inc 45 
‘Allen-Bradley Co 18 Duncan Electric Mfg. Co...... ----- 12 Nagel Electric Co., W. G 28 
Allis Chalmers Mfg. Co...........-..2nd Cover Economy Electric Devices Co...3rd Cover Nashville Industrial Corp. 51, 62 
Allis, Louis & Co 10 Electric Controller & Mfg. Co.............-. 13 National Metal Molding Co... 
American Circular Loom Co.............-..-- 38 Electric Service Supplies Co..............--. 21 New York Electrical School... 51 
American Colortype Co . 51 Electric Material Co 50 Norma Co. of America, The 44 
American Enameled Magnet Wire Co. 38 Ernst & Ernst 20 Northwestern Electric Co 42 
American Fixture Co 37 Flower, D. B 27 Packard Electric Co 17 
American Insulated Wire & Cable Co. 39 For Sale ads 51 Paine Co. 30 
American Steel & Wire Co...........------ 38 Ft. Wayne Correspondence School...... 51 Perfection Supply Co 30 
Aimartenn Tal, & Wek: Ciicncidicn -- 50 Fox Blectric & Mfg. Co., A..-.--c---c--- 27 Philadelphia Electric Co., Supply Dept. 36 
American Transformer Co........--c.-----+- . 42 General Electric Co Phillips Wire Co. 38 
American Vulcanized Fibre Co............ 40 Front Cover, 4-6, 32, 47-49 Reliance Electric Motor Co. 52 
Appleton Electric Co 37 Green Equipment Corp 28 Robbins & Meyers Co., The.......4th Cover 
Armature Coil Equipment Co.............. .. 42 Gregory Electric Co 51 Roberts Electric Supply Co., H. GW. 34 
Atkins, E. C., & Co 55 Hart Mfg. Co 385 Rochester Electric Products Corp... 52 
Audel & Co., Theo 51 Hubbell, Inc., Harvey. 11 Roller-Smith C 34 
Baldor Electric Co 42 Hunt-Lasher Co 80 Rome Wire Co. 16 
Baylis Company, The 45 Ideal Commutator Dresser Co............... 28 Russell Mfg. Co. 46 
Belden Mfg. Co 39 Indiana Rubber & Insulated Wire Co. 9 Safety Insulated Wire & Cable Co... 38 
Bousted Elec. & Mfg. Co 51 Industrial Gloves Corp. 27 Schwarze Electric Co 46 
Burke Electric Co 42 Irvington Varnish & Insulator Co....... 35 Searchlight Section 61 
Burntey Battery & Mfg. Co., The........ 30 Janette Mfg. Co 27 Sewickley Electric Mfg. Co 43 
California Tanning Co 28 Jeandron, W. J 44 Simplex Wire & Cable Co 39 
Carroll Electric Co 27 Jeannin Electric Co, 43 Smith, Winfield H 48 
Century Electrical Co 42 Jewell Electrical Instrument Co........... 43 Steel City Elect. Co 34 
Chicago Electric Co 27, 52 Kilkenny, J. E 51 Stow Manufacturing Co., Inc. 27 
Clements Mfg. Co 35 -Lupton’s Sons Co., David..............-.-.-- 30 Sundh Electric Co 22 
Cleveland Armature WKS. .......-..----0--0- 28 Maintenance Service, Repair Parts, Surety Motor Bonding Co. 53 
Commonwealth Edison Co..............--..-- - 51 Tools and Supplies 27-30 Toledo Pipe Threading Machine Co 29 
Composition Wood Products Co.......... 29 Maring Wire Co 39 western Electric Co an 
Condit Elec. Mfg. Co 8 Martin & Sons, H. P 30 . 4 
Cowan Truck Co 15 Martindale Elect. Co 93 Westinghouse Elec. & Mfg. Co........25, 26 
Crocker-Wheeler Co 42 McGill Manufacturing Co... ---cccccce----- 36 Westinghouse Lamp Co 24 
Cutter Co., The 7 McGraw-Hill Book Co....u....ceseeee- 33, 41 Whitelite Electric Co 36 
29 Mica Insulator Co . York Insulated Wire Co., of G. E. Co. 38 


Dolph Co., John C 








“What & Where to Buy” 


Pipe Threading Machine 
Toledo Pipe Threading 
Machine Co. 

Plugs, joes 
General Kiectric Co. 

Westinghouse Elec, & Mfg. 
Co. 


lugs 

General Electric Co. 
Hubbell, Ilnc., Harvey 
National Metal Moiding 


Co. 
Westinghouse Elec, & Mfg. 


Co. 
Pelishers and Buffers 
Robbins & Myers Co, 
Potentiometers 
General Hiectric Co. 
Westinghouse Elec, & Mfg 


Co. 

Projectors, Floodlighting 
Blectric Service Supplies 
Co. 

Protective * Devices 
Condit Elec. Mfg. Co. 
General Hlectric Co. 
Westinghouse Elec, & Mfg. 
Co. % 

Pulleys 
Chicago Electric Co. 
Composition Wood Prod- 
ucts Co. 

Grooved 
Smith, Winfield H. 

Pumps 
Centrifugal 
Allis-Chaimers Mfg. Co. 
Reciprocating 
Allis-Chalmers Mfg. Co. 

Rectifiers 
General Electric Co. 
——— Elec, & Mfg. 

0. 

Reflectors 
Westinghouse Lamp Co, 

rs 

Induction Voltage 
General Electric Co. 
Westinghouse Hlectric & 
Mfg. Co. 

Resistance Units 
General Electric Co. 
ee Elec. & Mfg. 

0. 


Rheostats 
Allen-Bradley Co. 
General Electric Co. 
— Elec. & Mfg. 
0. 


Rivets 

oe Inc., Harvey 
Rosett 

National Metal Molding 





Saws, Metal, Cutting 
Cable 
Atkins, E, C. & Co. 


Compass 

tkins, BE, C. & Co. 
Hack, Frame 

Atkins, E, C. & Co. 


Hand 
Atkins, E, C. & Ca. 


Schools 
Ft. Wayne Correspondence 
School 
New York Electrical 
School 


Screws, Machine 
Hubbell, Inc., Harvey 


Searchlights 

General Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 


Second-Hand Apparatus 
memes Electric & Mfg. 


Chicago Electric Co. 
Commonwealth Edison Co. 
Gregory Electric Co. 
Miller Seldon Electric Co. 
Nashville Industrial Corp. 
Reliance Electric Motor 


Co. 
Surety Motor Bonding Co. 


Stones, Commutator 
Aetna Abrasive Co, 

Green Equipment Corp. 
Ideal Commutator Dresser 


Co. 
Martindale Elect. Co. 


Sockets and Receptacles 


General Electric Co. 
Hubbell, Inc., Harvey 
National Metal Molding 


Co. 
Western Electric Co. 
Westinghouse Elec, & Mfg. 


Co. 

Soldering Compounds 
Burnley Battery & Mfg. 
Co., Inc. 

Stops, Electric Limit 
Electric Controller & Mfg. 
Co. 


Starters, Motor 
Allen-Bradley Co. 

Condit Elec. Mfg. Co. 
General Electric Co. 
Sundh Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 





Sub-Stations, Outdoor 
General Electric Co. 
— Elec, & Mfg. 


Electrical 

Carroll Electric Co. 
Electrical Material Co. 
Fox Electric & Mfg. Co., A, 
General Electric Co. 
Green Equipment Corp. 
Nagel Electric Co.. W. G. 
Philadelphia Elec. Co., 
Supply Dept. 

6 ee Bee. Supply Co., 


H. C. 
Western Electric Co. 
= Elec. & Mfg. 
0. 


Supplies, Railway 
General Electric Co, 
Westinghouse Elec, & Mfg. 

Co. 

Switchboard Supplies 
General Electric Co. 
— Elec, & Mfg. 

0. 


Switchboards 
Allis-Chalmers Mfg. Co, 
Condit Elec. Mfg. Co, 
General Electric Co. 
Western Electric Co. 


ee Elec, & Mfg. 
0. 


Crane 
—* Controller & Mfg. 
o. 


Switches 
Air Brake and Pole Top 
Condit Elec. Mfg. Co. 
General Electric Co. 
— Elec, & Mfg. 
0. 
Automatic 
Allen-Bradley Co. 
— Controller & Mfg. 
0. 
Conduit Box 
McGill Mfg. Co. 
Disconnecting 
Electric Service Supplies 


0. 
General Electric Co. 
— Elec. & Mfg. 


Float 

General Blectric Co. 

Sundh Electric Co. 

ee Elec, & Mfg. 
o. 

Fuse 

General Blectric Co. 

er Elec, & Mfg. 
0. 





(Continued from page 54) 


Knife 

Condit Elec. Mfg. Co. 
Cutter Co. 

General Electric Co. 
ee Elec, & Mfg. 


Oil 

Condit Elec, Mfg. Co. 

General Eleetric Co, 

ee Elec. & Mfg. 
0. 

Remote Control 

Allen-Bradley Co. 

General Bilectric Co, 

Hart Mfg. Co. 

Weetinghouse Elec, & Mfg. 
0. 

Safety Enclosed 

General Electric Co. 

— Elec. & Mfg. 
0. 

Series 

General Blectric Co..~ 

ne Elec, & 
e. 


Snap and Pushbutton 
General Electric Co, 
Hart Mfg. Co, 
McGill Mig. Co. 
——- Blec. & Mfg. 


Time 

General Electric Co, 

ee Blec, & Mfg. 
0. ‘ 


Togale 
Hubbell, Inc., Harvey 
Synchroscopes 
General Electric Co. 
Se Elec, & Mfg. 
0. 


Telephones 
Western Electric Co. 


Testing Apparatus 
Allen-Bradley Co. 
Century Electrical Co. 
General Electric Co. 
eo Elec, & Mfg. 

0. 

Transformers 
Allis-Chalmers Mfg. Co. - 
American Transformer Co 
Burke Electric Co. 
Crocker Wheeler Co, 
Electrical Material Co. 
General Electric Co, 
Packard Electric Co. 
Western Electric Co, 
be ptt tty Blec. & Mfg. 

0. 


Tractors, Industrial 
Cowan Truck Co. 





Trucks, Industrial 
Cowan Truck Co. 


Vise stands, Portable 
Martin & Sons, H. P, 
Welders, Arc 
Allan Mfg. & Welding Co. 
General Wlectric Co. 
ee Elec. & Mfg. 


Welding Machines 

General Electric Co. 

ee Elec, & Mfg. 
o. 


Wire and Cables 
i cae, 
Insulated Wire 
oy Gable 


Co, 
Amer, Steel and Wire Co, 
Phillips Wire Co, 
Rome Wire Co, 
Enameled 
American Enameled 
Magnet Wire Co. 
- Magnet 
American Enameled 


Dudlo Mfg. 
Maring Wire Co, 

Rome Wire Co, 

Western Electric Co. 
York a Wire Co., 
of G. 

Fl, Enameled 

Belden ‘gs. Co. 

Dudlo Mie. Co. 

Rome Wire Co. 
Reinforced, Flexible 

Rome 

Simplex Wire & Cable Co. 
Resistance 

General Electric Co. 
Westinghouse Elec, & Mfg. 


Co, 

Rubber Covered and Weath- 
erproof 

American Insulated Wire 
& Cable Co. 

Electrical Material Co. 
Indiana Rubber & Insu- 
lated Wire Co. 

—o Metal Molding 

ts) 


Packard Blectric Co. 

Phillips Wire Co, 

Rome Wire Co, 

Safety — Wire & 
Cable 

Simplex Wire & Cable Co. 

Western Blectric Co. 

Steel 

American Steel & Wire 


Co. 
BDlectrical Material Co. 








December, 1922 [INDUSTRIAL ENGINEER 








a ca 





ALUMINUM 
FIELD COILS 


Used Since 1907— 
In Europe 








Longer Life 
Same Field Strength 
Quicker Conduction of Heat 






FOR D. C. MOTORS 
3 and Magnets 














: Less Weight 
~ Less Terminal Trouble 


Less Affected By Moisture 








The permanent insulating qualities of Lind 
Aluminum Field Coils largely eliminate roast- 
ing, shorting and grounding of fields. 

The aluminum oxide insulation is an integral 
part of the conductor which it protects—this 
reduces to a minimum the possibility of failure 
due to moisture. 

The use of large square aluminum wire affords 
the advantage of quick heat conduction to the 
coil exterior. Hot spots are practically elim- 
inated and since there is no cotton insulation to 
char or bake out the coil is little affected by 
heat. 

Lind Aluminum Field Coils have the same num- 
ber of turns as the coils which they replace. 


After being wound they are heated and im- 
mersed in an oxidizing solution. Next they are 
dipped in an insulating varnish, after which they 
are wrapped with webbing, Micanite, oiled bias 
tape and again with webbing. The final treat- 
ment is dipping and baking in varnish. 


During the past two years upwards of 1000 of 
these coils have been put in service, by more 
than 60 different Companies and many repeat 
orders have been placed. 


We want every industrial engineer, who is in- 
terested in better D. C. motor service, to have a 
copy of our bulletin, concerning these remark- 
able coils. Just drop us a card today. 


Let us quote you prices and answer detailed questions 


Economy Electric Devices Company 


General Sales Agents 


Sangamo Economy Railway Meter 


Lind Aluminum Field Coils 


L. E. Gould, President 
1592 Old Colony Building, Chicago 
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Drawing from a Photograph in the Mills of the Bloomfield Mfg. Co., Statesville, N. C., 
showing R & M Four Frame Drive Motors, also Bahnson Humidifiers which are R & 
Motor Equipped. ’ 


N the humid, lint laden atmosphere of the textile mill R & M motors 
I operate with that unfailing reliability they show in all other industrial 
Their thoroughly moisture-proofed windings, over-size, dust- 
proofed bearings, heavy frames, and low temperature ratings, provide a 
margin of safety which insures long life and dependability in every class. 


plants. 


of industry, whether service conditions are normal or severe. 


Whether conditions in your plant are more or less exacting. than those 
found in the textile mill, R & M motors will give you that same trouble- 
free service they are giving in thousands of other industrial plants 
throughout the country. We shall be glad to give you lists of installa- 
tions near you so you can investigate this service for yourself, if you 


wish. 


THE ROBBINS & MYERS COMPANY 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


_— & Myers Motors 
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